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CaRN'ECIE SCHOL.4R IN ECO.NO.MIC ENTO.MOLOCY. 

During ihc spring of the present year ( 1911 ) while studying 
entomology at the Hussey Institution of Harvard University, 
I made numerous collections of Simtiliiim larvay which are 
extremely abundant in the neighboring streams, with the in¬ 
tention of stud\ang the development of the imaginal discs which 
are unusually well defined in this genus of diptera. As, however, 
1 found that a large percentage of these interesting larvcX were 
hea\'ily parasitized by two very different organisms, namely a 
worm and a protozoon, 1 turned my attention rather more 
directly to these and their effects on their hosts, during the few 
weeks inter\'ening between iny first discovery of the parasites 
and the pupation of the insects. 

Before giving any details 1 wish to take this opportunity to 
offer my sincere tlianks to Professor Wheeler, wlio by his kind 
suggestions and ad\'ise enabled me to bring together the fol¬ 
lowing facts, whicli, though very incomplete in form, do not 
appear to have been recorded before. My thanks are also due to 
Professor Johannsen for naming the species of SimuHnm \arvve 
and to Professor T. H. Montgomery who identified the worm 
parasite as a species of Merniis, 

Life History and Structure of Simulium Larv.e. 

A brief summary of the structure, and mode of life, of the 
Simuliitm larva' may not be out of place here. 

If during the months of March to May one examines the rocks 
or vegetation in any swifth' llowing stream in the neighborhood 
of Forest Hills, Mass., especially where its bed causes a small 
cascade, one will, in all probability, observe a large, dark, 
gelatinous mass where the current is swiftest and the water 

> Contribulif)ns from the Entomological Laboratory of the lUissey Institution, 
Harvard University, Xo. 45.) 
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shallowest. On closer e.xamination the mass will be seen to 
consist of numerous curiously shaped larvae standing upright 
on the rock, to which the hind end of the abdomen is firmly 
attached. These larvae, the largest known North American 
species of which measure when mature some 12 mm., have the 
following characters: The soft-skinned body is more or less 
CN'linrlrical, though the posterior third is somewhat swollen. 
The segments are poorly defined but the first three behind the 
head, namely, the thoracic segments, are usually distinctly 
marked off from the following abdominal segments. 

The prolhoracic segment bears a single leg (l^late I., Fig. i) 
which is apparentK' two-jointed; the distal joint is small and 
retractile and terminates in a sucker which is armed with numer- 
otis hooks. No other segment bears any trace of legs, witli the 
exi'eption oi the apical abdominal segment where the pair of anal 
])rolegs of some other larx'a* is re])resented by a powerful, armed 
disk-like sticker, !>>• means of which the lar\a firnib' attaches 
itself to rocks or \egetation when at rest. The >kin is ustially 
of a greenish gra\' color in immature* larwe, but gi\es place to a 
reddi>li brown as lhe\* mattire, 

ddie head is sub-c\ lindrical and is usualU' of a darker color 
than the rest of tin- bod>. Its ('hitinous integument is much 
denser and less elastic than that covering the remainder of the 
bod>. This results, timing grow th, in <ui ecrlysis of the head 
capsule alone, being necessar\' more fretjueiuK' than that of the 
general cuticular covering of the body. 'The new head capsule 
e.\|)(»sed after such an ecdv sis is perfectiv pigmentless in Sinmlinm 
liirlipcs, though dark spots so4)n form on its vertex (Plate I., h^ig.* 
2, u, h and rb followed by a gradual infuscation of the whole 
surface. Individtials were observed in which the .ilmost black 
head capsule was half removed, exposing the new’ pigmentless 
capsule, eiuirelv’ independentU* of the body ctiticle, the ecd)'sis 
of which was never observed, exce|)t at pupation. 

On either side of the head are tw'o black eye spots and on the 
anterior border are two lateral fan-like organs borne on elongated 
pedicels, which are used by the larva in procuring food. These 
fans consist of numerous ctirved rakes (Plate 1 ., Fig. 3) bearing 
on one side long stiff cilia which, when the fan is expanded. 
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Stretch from one rake to the next, thus forming a very fine 
strainer which allows water to pass through it, but retains any 
small organisms, such as the diatoms, on which the larva subsists. 
By means of a curious flicking motion these fans can be closed 
and their contents brushed into the mouth orifice. Here are 
situated two large glands (Plate I\b, Figs. 9 and 10 (d)) on the 
dorsal side of the pharynx, whose function apiicars nc\'er to have 
been determined. They are co\'cred with an apparenth^ porous 
membrane which is clothed with short stout hairs. It would 
seem that they secrete some sticky material onto these hairs 
which removes the particles of food from the rakes when the 
latter arc brought in contact with them. 

It is usually stated that the fans arc used to set up currents 
in the water and thus sweep food toward the mouth. Aly 
obser^^ations, however, lead me to believe that they act as a 
“strainer” and this is supported by the fact that, living as these 
larvae do, in the swiftest currents, such mo\'cments would be 
useless. 

The salivary glands are very large and secrete powerful silken 
threads which arc used by the larvae as anchor lines to hold them 
in an upright position no matter how strongly the current of 
water.may flow. 

Although the larva' appear to be very sluggish, they can move 
about actively on the rocks by a looping motion similar to that 
of the geometrid larva. It is interesting to note the care with 
which these larvae, when thus moving about, assure thcmseK’cs 
that the adhesive disc of the prothoracic leg is firmly attached 
before relaxing the anal disc and vice versa. Respiration is 
accomplished by means of retractile finger-like blood gills, 
normally three in number, wliich are situated on the dorsal 
surface of the last abdominal segment just abo\'e the anus. 
These gills, which can be distended at will by the insect, by means 
of blood pressure, arc apparent^' inadequate for use in any but 
rapidly flowing water which contains plenty of oxygen, for if the 
larvae be placed in a jar of still water very few will survive for 
more than eight hours, though life may be prolonged for two or 
three days by placing them in small numbers in Petri dishes 
containing only sufficient water to just cover them. 
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The form and size of the imaginal discs, or histoblasts, will 
here be described in detail as they are of especial interest in 
connection with the parasites. 

The thoracic histoblasts are twelve in number and arc very 
large and conspicur)us in normal larv?e as they approach full 
growth (Plate I., Fig. 4). 

The six discs to be found on each side of the thorax are the 
following: 

1. Adult prothoracic leg histoblast—situated at the base of 
the larval prothoracic leg. 

2. Adult mesothoracic leg histoblast—-situated ventro-latcrally 
on the mesothoracic segment. 

3. Adult metathoracic leg histoblast—situated ventro-laterally 
on the metathoracic segment. 

4. Adult wing histoblast—situated dorso-laterally on the 
mesothoracic segment 'I his in the mature larva is b\’ far the 
largest disc and it soon comes in contact with the mesothoracic 
leg disc. 

5. Adult halteric histoblast d'his in the early stages is 
almost as larg(‘ as the wing disc, but its growth and development 
are very slow and it soon disappears under the rapidly expanding 
w ing disc. 

(). ihi|)al respirator)* tuft histoblast. d'his is situated on the 
prothorax and in its Noting stages has the appearance of being 
(juite homologous with a protlioracic wing. It, howcN’er, soon 
begins to lake on a definite form, and the comparatixel)* stout 
tracheal tubes can be seen growing and lengthening beneath 
the transparent ctiticle till they become coiled uj) as indicated in 
Plate 1 ., l*'ig. 4. 

It shoultl be noted that this histoblast is not in the true t>ense 
of the word an “imagimil” disc since the resf)irator)’ filaments 
are exclusiNel)* pupal organs, and ha\’e no eciuivalent structure 
in any adult. Their similarity to a prothoracic wing destitute 
of the wing membrane is of interest. A few da)*s before pupation 
this “pupal” histoblast begins to darken. Pigmentation com¬ 
mences at the apex of the folded tubes and slowly works back¬ 
wards toward the ba.se when the disc takes on the ai^pearance 
shown in Plate III., Fig. 86. Later, immediately prior to pu- 
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pation, the cuticle over tliis disc ruptures and liberates the ftilly 
formed and now functioning filaments. 

The growth of these various histoblasts causes the thora.K 
to swell considerably, thus giving the body the appearance of 
being constricted in the middle. 

Internally there is comparativch' little tissue. The abdomen 
contains the alimentary tract, and the much elongated salivary 
glands which lie normalh' in a ventro-lateral position with regard 
to the alimentary tract. The sextial organs are small and not 
easily fotmd even in serial sections. The remaining portions of 
the body cavity are filled with blood plasma in which is slispended 
a qtiaiuity of fat body, mainly collected near the apex of the 
abdomen and causing this region to become slightly swollen. 
As the larva? mature this fatty tissue very materially increases, 
and when dissected out, is of a stringy nature. 

Methods. 

Most of the larva' were killed as soon as they were brought 
into the laboratory, but a few of the more heavily parasitized 
ones were kept alive in running water by covering the mouth of 
a jar with fine netting and introducing a piece of rubber pipe into 
the jar, through which lap water was run. In this manner 
specimens were kept alive for several days. 

The following killing fluids were found to be the most satis¬ 
factory among several tried: 

1. Hot Water. —W^ater was just brought to the boil when the 
Iar\xe were immersed and allowed to cool in the water. This 
method was most unsatisfactory from a histological jioint of 
view, but it had the advantage of lea\ang the skin as transparent 
as in its normal condition. It was also possible to dissect larwa? 
thus killed. 

2. Gilson s /* 7 /hV/.—T his was used hot as described above and 
gave good results, but had the disadvantage of making staining 
with the h<ematox\’lins diffictilt. 

3. Rallies Fliiidy consisting of 30 parts water, 15 jiarts 96 
per cent, alcohol, 6 parts formalin (40 per cent.), i part glacial 
acetic acid. This fluid has been recommended by W. Kahle 
(190S) and pro\'ed to be stiperior to Gilson’s iluid lioth for 
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fixing and staining, and in the end was exclusively used. It 
was also used hot. 

The chief advantage of both of these fluids was that, besides 
giving excellent histological preparation, they caused the hi'^to- 
blasts to turn milky white so that their position and form could 
be readily obserxed immediate!}' after the specimens were killed. 

Stainin^^, — Heidenhain’s iron ha^matoxylin combined with 
orange G was almost entirely used as it gave the best dilTer- 
enliation, though staining was rather slow. Replacing orange G 
with eosin accelerated staining but differentiation was less precise. 

MfKMIS SI’. J\\KASITI7ING SlMULll'M LaRV.K. 

A number of larxa* were placed in a jar of water and left 
over night. 'I'he following morning I was stirprised to sec 
several white worms moving al)oui at the bottom of ilu* jar. 
It was evident that these had come out of the Simu!iu})i 
larva-, so 1 wcmu otit to a ripple where the larv.e were particularly 
abundant and examined the colonies on sev (‘ral stones. I then 
noticed the large si/i‘ of inanv' individimls, and on examining 
these I hmnd that manv* of ihriu had a worm coiled up within 
the abdomen (Tlate I., l-'ig. 5). When a (juantily of material 
w as broiiglit into the laboratory it wais found tlnit these p*irasiti;:v-d 
larva* wt‘re much more sluggish than their health}’ companious, 
wliic'li r.ipidiv' explored the jar in which the}' were confined, 
vvitli their peculiar looping gait. The parasitized individuals, 
howeviT, -'cemed much less concerned as to their new' surround¬ 
ings, aiul mail}* of them were scxin motionK‘ss, standing upright 
on the bottom .md sides of the jar with their rakes expandecl, 
ready to catch .mv' food which might float their wav*. Here 
is a possible explanation of their larger size. Owing to their 
curious form of feeding it is evident that the more sluggish an 
individual is the more food it can obtain, and should it grow 
but a little larger than its companions, it will reach above their 
innumerable otitstrctched rakes, so that its food supply will be 
very materially increased. 

It must not however be taken for granted that all parasitized 
larvxe were larger than their healthy companions, for some re¬ 
mained quite small, whereas man}' of the larger larvie showed no 
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sip:ns of worm parasites. As a general rule, however, the largest 
lar\’a‘ were found to contain one or more worms coiled up within 
the abdomen. One would naturally expect this rule not to 
be verA' constant, if, as conjectured, it is simply due to a more 
sluggish temperament and increased appetite on the part of the 
parasitized larvx. 

A case of a Mermis parasitizing ants was described b\' Professor 
\\’heeler (’07) and here also he noticed a great increase in size 
of the host due to a greatly increased appetite during the larval 
stage. 

A number of the worms were dissected out and sent to Professor 
T. H. Montgomery who pronounced them to belong to an 
undetermined species of Mermis. 

Retardation of Development of the Histoblasts Due to 

Mermis. 

On making a closer examination of the parasitized larv?e a 
far more remarkable effect than that of increased size was noticed, 
for it was found that the presence of Mermis parasites, no matter 
in what numbers, has a direct effect on the development of the 
histoblasts. In a normal larva of about 10-10.5 which is 
the maximum length, and is attained immediately prior to the 
blackening of the respiratory filament histoblasts, the latter are 
quite large and owing to their white color readily visible to the 
naked eye; especially when the larva has been killed in Kahle’s 
or Ciilson’s fluid (Plate IJ., Fig. 6). If a parasitized larva of 
the same, or greater, size be examined no trace of the histoblasts 
can be discovered with the naked eye, and can only be detected 
with difficulty under a dissecting lens. Under the low power 
of a compound microscope, howe\x‘r, they are seen to be repre¬ 
sented by small white traces of the organs which should at this 
time be far advanced in development (Plate II., Fig. 7). A 
close examination fails to reveal any differentiation of these 
retarded histoblasts into the component parts of the adult, 
or pupal, organ. 

'fhe parasitized larva rarel}'de\Tlops beyond this stage, though 
I ha\e obser\ed specimens which were turning reddish brown, 
and contracting slightly as a healthy larva would, shortly before 
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maturation. In some cases, even, the rudimentar\^ respiratory 
filament histoblast begins to darken in color. 

I examined numerous specimens from tlie same stream at 
Forest Mills, and, with slight variations in intensit}', they all 
showed this nearly complete suppression of the imaginal discs. 
Some weeks later I chanced to pass a small stream at Norwood, 
about se^’en miles from Forest Hills, and seeing Sitnidiuw lar\’a? 
present in small numbers, I took nine specimens from the rocks 
in order to sec whether the species was identical with that common 
in our streams at Forest Hills. The\' pro\'cd to belong to the 
same sj>eries, namely, Simulium hirtipcs, but I was much sur¬ 
prised to find that here also the Meruiis {parasite was much in 
e\ idence for of the nine spL‘cimens taken, six contained the worm. 
I'lu* c‘lTe(ns ho\\(A er in iliesc specimens were not so marked as in 
those found nearer home, for four of the six had turned brown 
and aliliough the histoi>lasi^ were much smaller than is normal!)' 
the ('ase the)- were readily \ isible to the naked e\’e. Ihidoubtedl)*, 
ho\\e\<‘r, matinatl(m was impossiljle, for e\'eii should the lar\a 
manage to pupate it would soon die for want of oxN'geii, since 
tlu* respirator)' fiLimenls were but half formed. 

In a third hu'alit)', the Stoinbrook Ri*scr\’ali()ii near I'orest 
11 ills, a different spfeies (jf larx a w as found. I VofeSM>r Johannsen 
stales that this lar\ a is (jiiili' n(‘w to iiim and may be tlie un¬ 
described lar\al siagi* of .S'. hructcatHm, whicli occurs fre(juenlly 
in this Stale, but as 1 found onh' adults of hirtipes it was im- 
f)Ossiblc‘ to C(»nlirm this supposition. 'These lar\ a* w ere, howe\ er, 
also fouml to suiter from Mermis parasitism, but to a much 
le.ss extent lluin those of .S’, hirtipes. 'I'he effects on the host 
were, however, .is one would c\|)eci, identical with those on 
hirtipes, though the iiKTe.ised size was not .so evident. 

A large number of larwe were measured, cut open and the 
worms removed. It is interesting here to note that even in 
fixed specimens where the (luid had caused the skin (|o l)ecomc 
o|3a(jue, the presence or absence of worms could in aH cases be 
determined with certaint)’ b)’ a glance at the histoblams. The 
worm, it should be noted, did not cause the abdomen to svv'ell 
up or become distorted to ain- appreciable degree. 

A few selected results shown b)' the examination are appended: 
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Color of F.'irv.i. 

1 listoblasts. 

No of ' 

Worms. 

Size of V’orms. 

I 

10.75 inni. 

(tray. 

M inute. 

12 

Av. .75-1 cm. 

2 

11.50 mm. 

( 3 ray. 

Minute. 

I 

2.75 cm. 

3 

ii.o mm. 

C.ray. 

Minute. 

I 

3.00 cm. 

4 

11.0 mm. 

Gray. 

Minute. 

3 

1.3. 1.5. 1-5 cm. 

5 

10.5 mm. 

Hrownisli. 

Minute. 

I 

3.00 cm. 

0 

9.0 mm. 

Gray. 

Quite small. 

3 

.9. 1.3. 1.5 cm. 

7 

8.5 mm. 

Brownish. 

Large. 

0 


8 

10.5 mm. 

Gray. 

Large. 

0 


9 

8.0 mm. 

Brownish. 

Large. 

0 


10 

7.0 mm. 

Brownish. 

Large. 

P 


11 

8.5 mm. 

('•ray. 

Large. 

0 


12 

II.O mm. 

Gray. 

Large. 

0 


From this table 

it will be seen that when there is 

but one worm 

in a 

host it attains a length of about 3 

cm. during its ]:)arasitic 

life; 

that is, roug 

hly about three times the length of the host itself. 

since the a^■erage length of 

a parasitized larva is 10.5-11 mm. 

It will also be seen that in 

one case as 

man\' as 

tweh e worms 


were renio\'ecl from a single host, and lliat in this case the\’ all 
remained small, owing doubtless to insufficient food supply. In 
other instances, howe\ er, where scw'eral worms were present in 
one host it was noticed that one had attained almost to the normal 
size of 3 cm. whereas the remaining worm or worms were less 
than 1 cm. in length. 

d'he larval measurements showed that parasitized larva'a\'erage 
about I I mm. (Idate 111 ., Idg. eSu) whereas mature, and therefore 
somewhat contracted, lar\*a‘, average some 8-8.5 mm. (Plate III., 
Fig. 8/?), though a few are abnormally large. 

Life History of the Worm. 

As yet iiothing is known of this e.vcejit during the latter part 
of the life in its host. In all probability the eggs or young 
worms, are caught as they float down stream by the outs|:>read 
lar\’al rak(^s and are swei)t into the mouth, passing into the ali¬ 
mentary tract through the walls of which they bore their way 
till they eiitiT the body ca\'iiy. It should howe\'er be noted 
that no scars or h\'pertro()hy of the wall of the alimentary 
tract were noticed in several serial sections made of parasitized 
lar\'a*. Hdie alternati\ e hypothesis is that tlie larwal worms bore 
into their hosts through the thin cuticular co\’ering of the ab- 
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domen. That they should be present in the Siniuliinn eggs is 
hardly possible, and this hypothesis can be with safety rejected. 

Either of the former lu'potheses oilers a possible explanation 
for the variation in development of the histoblasts ot parasitized 
larv<e taken from different streams, for in the case ot those taken 
at Norwood where the discs were of a moderate size, the worms 
ma\' not ha\e entered the bod\' cavity till the discs were some¬ 
what de\eloped. Then again where one worm has gr(»wn to 
nearly the normal size of 3 cm. whereas other worms in the >ame 
host have remained small, it is jirobable that the large worm 
entered the bod\' ca\'il\' some time before the others. 

I'igtirep, Elate 1 \’., w hich is a draw ingof a median hmgiiudinal 
section of a parasitized larwi, shows the \entral position ol the 
worm with regard to the alimentary tract, though it will be 
seen that the inesenteron ha> been somewhat pushed to one side 
b\' the coiled ji.ir.isiit*. It will aUo be s^cn b\- ('omparing h'ig. 
[Mate l\\, with I'ig. 11, Elate III., that the parasitized larva has 
much less fat body than that of a heallh\- indi\idual at about 
the same stage of growth. 

Another elYect of the host is that ai)parentl\’ the sexual organs 
do not (K*\elo|) in j).irasiti/ed larwe. M'hesc* are not e<isily scc*n 
in a healtlu' Sinuiliuni lar\.i. as an.* \(“r\ small, but the\' 

can iisnallx' be found in .1 go<^d -eries ot scciion.s; in s(.‘ctions ol 
jtarasiiized lar\a* I ha\e been entirelx niKd)le to locate them. 

Otherwise ilu* parasite apix-ars ioha\e no effet't on tin* internal 
organs of the host, with the ex('eptlon of displacing the sj)inning 
gbmds, the largest portions of which normalh' lie in the position 
later occupied b\* the parasite. Although lhe\- ma\‘ be so dis¬ 
placed as to lie dorsad of the .diinentary tract (Elate* 1 \\, b'ig. 9, b) 
their functioning is in no wa\ impaired, since these larwe sj»in 
(juite; as main silke*n threads as do those which are' uninfested. 

d'he Mermis probcd>l\' feexls dire*ctl\* on the blixul plasma and 
fatt\' tissue of the host. 

As the laiwa ivaclu's matnrit\ the t'oiuaine'd worm becomes 
\er>' restless, and if a living lar\ ci be placed under the low power 
<jf a microse'ope in a cell slide the* mowments of tin* worm e'an be 
easiK' obser\ ed. ( )ne* thus watched for about half an hour was 
seen to explore the h\ podermis of the host, e\'identl\- attempting 
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to find a place of exit. The liead was kept constantly moving 
over the internal surface of the abdominal hypodermis and was 
e\'en sometimes thrust far into the thoracic region. The move¬ 
ments appeared to cause the host great pain, especially when the 
thoracic region was visited. Finally after the entire worm had 
been se\'eral times twisted round in the body the head was pressed 
against the junction of the third and fourth abdominal segments 
and a hole was quickly made through which the worm slowly 
emerged. The worm, measuring 3 cm., took in all 27 minutes 
to disengage itself after puncturing the skin of its host. At first 
the operation was \*er>' slow and the constant writhing and turn¬ 
ing of the host impeded rather than aided the movements of the 
parasite. When about 50 mm. were exposed the head was twisted 
around the body and the remainder of the worm was more 
rapidly forced out, finally becoming detached from the host in a 
tightly knotted mass which soon straightened out. The lar\’a 
meanwhile rapidh" shrank, and in about half an hour was dead. 
The worm apparently can leave the abdomen at almost any 
point, though the thin junction between two segments is usually 
chosen. It is probable that the death of most parasitized lar\Te 
is directly due to the escape of the worm, which in all observed 
cases occurred some time before maturity. 

On raising leaves in the bed of a stream a little below a large 
coloiu' of SiwuUum larva? it was found that they had under 
them several of these white worms. This year most of the worms 
had escaped by the beginning of May, and have since been lost 
sight of, though while examining a stone microscopicalh' for a 
second l)rood of Simidiiim eggs, on May 29, one or two minute 
worms were seen, which ma\' havy been young Mermis. No 
Simulium eggs could be observed. At a still later date, August 
3, a full grown, though dead, Mennis was found under a stone 
in the bed of the stream. 


PERCENTAHli: OF LaRV.K LxFFSTED. 

Se\’eral lea\’es covered with larva' were taken from a stream 
in I'orest Hills for the purpose of determining the percentage of 
parasitism. 

ddiese larwe, which rei)resented the species Simulium hirtipes, 
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ga\'e the following results: Xumber of larvai present 174; number 
of parasitized larvae 41. Tliis means that in this particular 
locality about 23.5 per cent, of the larvae would be unable to 
mature on account of the Merynis parasite. 

The species living in the Stony Brook Reservation wa^ found 
to be parasitized only to the extent of some 3-4 per cent. A few 
S, hirtipes were also i)rcsent in the same stream and were para¬ 
sitized only to the same extent, so it is probable that this smaller 
attack was not due to the host’s belonging to a dilTcrent species. 

Cal'se of the Retardation of the Histoblasts. 

In order to arri\'e at some definite conclusion as to why the 
histoblasts (;f a parasitized larva should not develoj) normalK*, 
it will be of advantage to review briefly some of the theories 
which ha\(‘ been <idvaneed to explain the normal development 
f)f these di.sC'», and at the s.ime lime 10 consider the bids which 
have been broiighi to light by the studv* of several cases now on 
rei'ord in which the (liM'> have (lev'eloj)ed wiih abnormal rapiditv’, 
thus produi*ing larv a* which pos>e-^^ characters that norinallv' do 
iu)t iiiaki* lh(“ir ajipearaiice until the pupal or adult condition is 
reached. 'Dus abiiorm.il condiiii^n has been termed “ pro- 
ihelelv'” bv' Kolbe ( D)03).* I'or the abnormallv’ retarded con¬ 
dition as prodiK'ed in the Siniuliuyyi larvxe b\' the jiresence of 
Mvryyiis I should like to suggest the word “metathetelv'.”- 

d'he earliest re[)ort of prolhetely was made bv' 1 leymons 
(’06). In this case larva* of Tenebrio ynolilor L. were found which, 
when mature, proved to be abnormallv* developed as follows: 

1. The meso- and meia-lhorax possessed expanded lateral por¬ 
tions of the lergiles. which resembled the wing-pads of the pupa, 
though they were not folded under the body as in the latter, 
but were directed backwards, 

2. 'The anteniKe had additional incompletely segmented joints, 
thus approaching the 11-jointed adult condition. 

3. 'I'he abdominal tergiies w ere modified so that they resembled 
the tergiies of the pupal alKlomen. 

These larvxe were raised in the mealvv'orm cultures of the 

> \\f>oO€iv, to run before, and r^Xor, the completion. 

2 y\(TaO(iv, to run behind, and rAor. tlie completion. 
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Berlin Zoological Institute, but no statement is made as to 
whether conditions during development were quite normal. 1 ley- 
mons concludes his paper by suggesting that the abnormal de- 
\'elopment described abo\’e is due entirely to an accelerated 
dexelopment of the histoblasts, but makes no suggestions as to 
the cause of the acceleration. 

In 1903 Kolbe reported and figured an interesting case of 
prothetely in the lar\'a of Dendrolimiis piui L. He received the 
larva when in its fourth moult, at which stage it had the following 
characters: 

1. The larval antenme were replaced by elongate antenna^ 
showing simple primary di\'ision into about se\'en segments. 

2. The larxal thoracic legs were replaced by three pairs of 
jointed legs possessing all the adult parts, namely, coxa', tro¬ 
chanters, femora, tiliia} and tarsi. 

3. The mouth parts Averc modified. 

Kolbe points out that all these organs were in an immature 
adult, or true pupal form, thus showing, it would seem, that the 
de\'eIopment was finite normal, Init simply accelerated. Winne- 
guth succeeded in breeding from a similar larva an adult which 
hatched as a small male that Avas apparently quite normal except 
for its dAvarf size. These abnormal larA’a.' Avere produced from an 
artificially hatched generation kept indoors and from parents 
Avhich did not hibernate. 

Hagen (’72) giA’es an account of silkAAorm larwne obtaining 
A\ings before piqoation, Avhich condition aaus accompanied b}’ 
other abnormalities as folIoAVs: The head Avas small and had tAAO 
small facetted eyes, and the thorax became modified but the 
abdomen remained in the normal condition of a Iar\'a in the 
fourth moult. The fore AA'ings Avere long and narroAv and rather 
more graA' than usual, Avhile the hind Avings AA’ere short and nar- 
roAv. As this anomaly occurred freciuentlA’ and Avas therefore 
liable to be of economic importance, its causes a\ ere iiiA’estigatcd 
by Alajoli aa ho came to the conclusion that it AA'as due to the 
lar\a* being kejit at a temperature aboA’e the normal. 

A case similar to that of Heymons Avas described by Riley 
(’oSj from another colcoptcnnis larA’a, Deiidroidcs cauadcusis, 
AA'hich Avas bred bv a student at C'oriiell rniA’ersitA'. 
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It will he seen from these cases that in every instance they 
occurred in artificially reared larvcX, and it is probable that the 
prothetely was due to an increased temperature, i^erhaps with 
the aid of abundant food, in some way hurr\ ing on the develop¬ 
ment of the histoblasts. 

This fact sugttesls that the histoblasts may be caused to 
develop, though at a much slower rate than the larx al organs until 
pupation, by some enzyme secreted b\' the insect and that the\' 
can de\elop only a^ fast as this stimulant is formed. Its supply 
thus acts as a regulator. An increased temperature is in most 
cases ad\aiUageous to enz\*me action and in this case it is prob¬ 
able that it (Miller ('auses more of the enzyme to be >ecreted or 
stimulai(.‘s the action of the anunint already a\ailable. 

l)ewilz (’05 , after numerou> experiments on retarilation and 
accel(M*atic»n of de\eloj)ment and pupation arrixed at the fol- 
hjwing coiH'lu'-ion'^: l)e\elopmenl and piip<ilion are cMu^ed by 
enz\'me> which are not \ ery e\ idem in the earl\’ larxal stages. 
The\ , however, increa^'t' with the growtli ot the larva until its 
pnpaticjii, at which j)eriod they are <it their maximum >tr(Migih; 
they then begin t<» diminish, till at the (Mid of the pufial period 
their <i('tion (iiiinT C(‘a>c>. Me al-o ^taie> tliat the enzyme 
action (Mil be hindered by the pre'-iMice ot another body; and that 
b\' obiaiiiine an vi\/\ me of an increased >trength belort* pnp.ition 
development c.ni be abnormallv ac celerated. 

It is evichni that the ('elM of the liistobLi'-ts ari‘ canned to 
develop bv a dithMcMil stimnhi'- from that which can<e^ tin* de- 
V elopiiKMil of th(“ larv al organs, for in tlu‘ former case dev elopment 
i^ verv' slow during tlu* larval stage, w lu n the latter organs are 
developing verv rapidly, and it is onlv' when iliese have reached 
their limit of development vit pupation, that the adult organs 
begin to develop with anv rapiditv*. 

d'his suggests that there mav* be in the in-^ect bcjdy two sets 
of enzymes which one may term “larval” enzymes and “imag- 
inal ” enzv nies. d'he^e are sufficiently dilTerent so that conditions 
which cause the acceleration or retardation of one of them need 
not necessarilv* have any ellect on the other. If this be .so, one 
has a probable explanation of prothetely and also, as 1 shall 
attempt to show' in the following paragraphs, of nietathetely. 
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At first sight one would suppose that the retardation in de^'elop' 
ment of the histoblasts in parasitized Simidium larvte is simply 
due to a lack of proper nourishment for these organs, since the 
larva, besides ha\’ing to supply the requirements of its own 
developing larx’al tissues, has also to supply the demands of its 
fast-growing parasite. This may be trtie to a certain extent, 
but later observations, when another parasite is also present, 
indicate that there mtist lie some other more potent factor whch 
accounts for this inhibition. This second parasite is a Spoiozoon 
which, owing to the \\ast numbers in which it occurs in a single 
host, is far more bulky than the worm and must, one would 
imagine, make far greater demands on the resources of its host. 
In this case, however, the histoblasts are tistially unaffected in 
size, though in many cases they are distinctly smaller than normal. 
Two individuals, howe\'er, wen' seen in which the histoblasts 
were minute. On dissection it was fotind that, in each case, a 
small worm measuring only some 7 nim. was li\ ing emliedded in 
the mass of spores, and it was evident that this mintite worm was 
responsible for the retarded condition of the discs, even though 
it had evidentK' absorbed ^'ery little nourishment. One must, 
therefore, in all i)robability look to some toxin secreted by the 
worm as the cause of the inhibition of dex'eloi^nient in the discs. 

The researches of Wrson and Holle, as qtioted by Fischer 
(’06), pro^'cd in the case of lepidoplerous lar^^T that in their 
early stages their boch^ lltiid is alkaline and that this alkalinity 
decreases as the larwa matures. This wotild suggest that an 
alkaline condition encourages the growth of larval tissues whereas 
acidit>’, or the absence of alkalinity, permits of the de^’elopment 
of the adult organs. Ihaice the histolilasts would develop but 
slowly till the larvte are nearing mattirity when the decreased 
alkalinity of the blood allows the 'bidult” enzymes to stimulate 
the cells of these discs to rapid di\asion. I ha\x' been unable 
to find any account of the excretions of Mermis or of closely 
related Xemathelminllufs, but should they be proved to have an 
alkaline reaction the (probability of the abo\'e contention would be 
\'ery greatly strengthened, for here we should have a case of the 
alkalinity f)f the system being maintained in maturing larvte, and 
thus ])re\’enting the normal, though slow^ de\’eloipment of the 
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adult organs, without affecting the larval organs to any great 
extent, except in so far as they are kept well supplied with 
alkaline fluids and*are thus capable of developing to their utmost 
extent. This would account for the somewhat larger size of 
parasitized individuals. 

It may be. however, that the Mermis does not actually secrete 
an alkaline substance, but brings about an increased alkalinit\' 
in the body of its host by absorbing whatex’er acids are formed 
in it. The j^robability of this being the true condition is in¬ 
creased b\- the fact that closely related worms live in acid media, 
such as \inegar or sour jxaste {AuguiUiila accti C'hrbg.), which 
would point (o the fact that the worm retjuires, and absorbs, 
acids during its de\elopment. In either case the (*lTect on the 
host wcaild be the same in that there is a reduction in theactix ity 
of the acids whic'li a|)|KMrs to be e'^scntial to the dexelopment of 
the histoblasts Whether this is the true exi)lanation or not, 
it is certain that the presence of the worm does ha\e a direct 
inhibitorx' effect uj^on the dt‘\eloi)nu nt of the imaginal organs, 
but does not ha\e a similar elTe('t on the larxal tissues. 

A suppression of i)tii)al and adult organs will naturally be of 
adxantage to the parasiu* f<>r two ri‘asons: 

1. Nourishment is not recjuired for building tij) these tissues 
.ind therefore more will be axailable in the body eaxity of 
tlie host. 

2. 'rh(‘ maturitx' (»f the host xxill bt‘ deferred thus gixing the 
parasite a longer lif(‘. shotihl it recpiire extra time for dex*elo|)- 
ment. In most of the obsi-rved cases, hoxvexer, the xvorm killed 
its host, by emerging before or at about the same time that the 
uninfested larva* xxere pupating. 

A similar though less marked case of metathetely due to para¬ 
sitism by Mermis has been described and figured by Mrfizek (’08) 
in the (jtieens of a luiropean ant ' Liisius alienus). In this case the 
parasitized larxce matund and j)roduced adult ants xvhich xvere 
normal in all external characters xvilh the exception of a great 
reduction in the size of the wings. Through the kindness of 
Professor W’heeler I hax e been able to examine some similarly 
parasitized specimens of a closelx' related American species 
(Lasius ticoniiier) in order to see xvheth(‘r the dexx*lopment of the 
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]q^s had been in anyway affected Init a careful comparison of the 
measiireinents of tlic legs of the parasitized ants with those of 
heallln’specimens failed to re\x‘al an\' inhibitibn f)f their den'cloj)- 
ment on account of the Mermis, although the wings, which in 
normal ants measured some lo ii mm. in length were reduced 
in the parasitized indi\iduals to 6-6.5 Dim. 

In the case of SimnUnm larwx, as liefore stated, the develop¬ 
ment of ihe legs also is inhibited by the presence of Mermis, 
though comparati\e measurements of the wings and leg histo- 
blasts in healtln* and jiarasitized larvm show that whereas in the 
former case the wing histoblast covers about four times the area 
covered b\' that of the mesothoracic leg, in parasitized larvai 
these histoblasts bear a relation to each other in size of about 
2.5 : I, showing that the wing histoblast suffered a greater inhibi¬ 
tion in development than did that of the leg. 

A further interesting case of Mermis parasitizing ant larvae 
was described by Wheeler (’10), in which case the worker larvae 
of Pheidoh comnuitata were jiarasitized, and resulted in the 
adults of such larwe not onh' possessing all the normal worker ” 
characters perfecth' developed, but owing to excess of feeding on 
account of their constant hunger these worker ” larvre (k^ eloped, 
when mature, characters such as the ocelli which arc normally 
only found in the sexual ants. 

A SpORozoeix Parasitic of Slmuliu.m Larv.e. 

While dissecting out worms from a batch of larva taken on 
March 30, 1 chanced to cut open one larva which from the 
whiteness of the abdomen I took to contain a worm, l)ut was 
much surprised to find that the body cavity was closely packed 
with a white substance which had the appearance of cotton wool. 
A little r)f this substance, howe\'er, wlum smeared on a slide was 
seen to be composed of cotintless organisms as ilhistratcd in 
Plate \ ., ]‘ig. 14. M\' first imprc\ssion, \'er\’ naturall^^ was that 

these were sjiermatozoa, which they resemble \'cry closely in 
general outline. It was, howxwer, \ ery dil'lictilt lo imagine to 
what possible organism these spermatozoa could belong. 'The 
lar\a itself cotild stireh' not jirodtice them; but if not the larwa 
what th(‘n.-* The onh' explanation seemed to be that the\' w'ere 
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formed by one of the worms, which could not then be Mer?}us 
but must lie a new form closeh’ related io Allantonema or Sphcc- 
rularia, in the females of which the uterus becomes protruded 
and is finally many times the size of the original worm. 

I naturally visited the stream in order to obtain more specimens 
suffering from this disease, only to find that a quantity of oil 
which had been llowing down the stream for some days past had 
succeeded in killing off all the larvae in that neighborliood. It 
was therefore necessary to find a place further up the stream, 
above the contamination, where the lar^ae were living. About 
half a mile’s walk led to such a place, situated under a stone arch, 
in which ihe larva* were present literally in thousands, d'hey 
formed great masses nn ering the wlnde surface of tiie rocks. An 
examinalicHi of a few rocks suofi sjiowed that the Mermis \\\\< \ er>' 
plentiful hen*, but it was some time before I found specimens 
with the curious white abdonuiis f(jr which I was searching. I 
chaiu'ed, howexer, to pull up a piece* of w.iter weeil that was 
lloating in a sw iflK' running '-w irl and here* I found (jiiite a number 
of indix'idiials, some showing immense abdoinimil swellings due 
to the parasite*. < )n i-\amining *1 few small specinu-ns 1 lound that 
the parasite was more* numennis among them than among tiie 
larger indi\idinils; a ('loser examination of llie nx'ks show(‘d that 
these small parasiti/ed indi\ iduals were cjuite commonix' scattt'ied 
among the larg(*r healthx ones. A (|uaniity of mat(‘rial xxas 
taken l)ack to tin* laboratory to i)e studied on the sanu* liiu*s as 
that adopted for the Merwis ])ara^ite. 

ICxTIvKNAl. hj'M.CTs ON Till-: LaRVA. 

The first elTect nolic'ed in badix' infest(*d larxxe is the immensely 
distendi‘d abdomen. In some ca-^es as in that illustrated in 
Plate I'ig. 12, the apex of this region of the bodx' xx'as three 
to four times its normal si/e. Tnlike the Mcrniis, this parasite 
is not confined to the xentral portion (»f the body but entirely 
surrounds the catidal extremitx’ of the mesenteron, and small 
detached colonies were not infreciuent in the thoracic region, 
'file Malpighian tubules, hoxvex'er. can usually be seen on the 
surface of the mass and are plainlx' visible through the tightly 
stretched skin, xvhich is quite transparent in places and appears 
to be on the point of bursting. 
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The length of the larva? next claims attention. No larva con¬ 
taining this parasite was found to be exceptionally large; whereas, 
as before mentioned, man\’ were extremely small, measuring some 
2.75 or 3.5 mm. at a time when all normal larvie measured some 
9 mm. or more. This may possibly require a similar, though 
opposite, explanation to that suggested on page 281 to account 
for the large size of the indiA’idtials affected by the Merrnis. 

In confinement these small specimens were extremeh' restless, 
they were continualh^ twisting about and moving over the sides 
and bottom of the jar witli a peculiar jerky movement. The 
larger, and more heavily parasitized, larva? on the other hand 
were more sluggish though not more so than the healthy larva?. 

The effect of these parasites on the histoblasts is very hard to 
state with any certaint}'. Fig. 13 is an illustration, made with 
a camera lucida, of the histoblasts of a nearh' mature indi\adual. 
In this case the parasite was confined to the abdomen. It will 
be seen that the discs are but half de\'eloped (compare with Fig. 
6). In other cases, however, the development of the discs was 
not, so far as could be seen, affected in any way till pigmentation 
of the respiratory filaments commenced. Then it was noticed that 
the entire histoblast only turned a slate gray color instead of 
blackening at the apex of the filaments and finally o\'er the 
complete disc. In otlier cases, however, the discs entirely 
blackened in a perfectK' normal manner. 

When colonies of i)arasites are located in the thorax, as is not 
infrequently the case, the histoblasts are materialh' decreased 
in size, while in the very small specimens dcA^elopment appeared 
to ha\'e been arrested. This is hardly surprising. Aly general 
conclusions were that the parasite affected the histoblasts but 
little, though the laiAcX rarel>' ach-anced so far toward maturity 
that the respiratory filaments became pigmented. It should be 
noted that the power of spinning silk was in no wa}^ affected by 
the presence of this j^arasite. 

Nature of the Parasite. 

W’hile \Msiting other localities I made numerous observations 
on the laiATC to be found in the streams, and was much surprised 
to find that species of the parasite were extremely common and 
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that in almost every brook \'isited some of these conspicuously 
distorted indi\ iduals were to be found. On making microscop¬ 
ical examinations 1 observed that the organisms taken from dif¬ 
ferent localities varied \'ery much in form and apparently 
represented different species. A list of these different forms and 
the'r hosts is appended: 

1. O\'oid bodies bearing a flagellum’‘-like organ var\*ing in 
length from about that of the “bod\’” to three limes its length 
(Plate \b, Fig. 14). Host: Simnlinm hirtipcs. Habitat: Forest 
Hills and F^lue Hills, Mass. 

2. Bi-annulatcd o\'oid bodies bearing a “llagellum,” which is 
ne\er much longer tlian the “body” (Plate I'ig. 15). Host: 

specie^ imdescribed. Habitat: St(.)n\' Brook Reserwa- 
tV)n, Mass. 

()\'oi(l bodies ha\ing the “llagellum” replaced b\* a trans¬ 
parent llaitened disc (Plate Fig. 16). Ho^t: Sinndiufn 
spet'ies undeM'ribc'd. Habitat: Stoin Brook Reserwuion, Mass. 

4. Simjile o\(>i(| bodies destitute of all append.tges (Plate \\, 
Fig. 17). Host: .S’/;;;///////;; s|K‘eie> unde-icribed. 1 labitat: Stony 
Bro(jk Reser\ati(»n and Blue IlilF, Ma^s. 

d'lie folh»\\ing characters were* common to all of these organ¬ 
isms: 

1. 'I'hey were* all similar in size. 

2. Fnder the highest power of the microscope the\* had a faint 
oH\'e greenish tinge. 

W hen in .1 fri'sh (‘ondition absolutely no internal details were 
\‘isible and in specimens which had been killed, fixed and stained 
\ ery liith‘ mori‘ couhl be si'en. In man‘\’ of the first or “sperma- 
to/oid ” type a d<irkenetl central area indicated the presence 
of a \ (‘ry large nucleus, w hile a smaller dark spot just before the 
bast* of the llagellum might lie t«iken for the nucleolus. 

Manx' of the “simple oxoid ” tx pe, although but slightly stain¬ 
ing, showed a great shrinkage of the internal substance; other¬ 
wise nothing couhl be seen in them, d'he specimens with a 
llattened disc, and those bearing two annuli and a llagellum, 
also showed practicallx- no dilTerentiation. Methxl green and 
xarious luematoxxlin combinations xsere tried xsithout success. 

Ik^sides these xarious forms, no two of which xvere obserxed 


322 


E. H. STRICKLAND. 


ti) occur in tlie same iiKli\'icluai, another form of cell (l^latc 
Fig:, ^vas foiincl in nuicli smaller numbers, but possibly in some 
way connected with them, for it was seen in association wi th 
each form, but was not found in healthy larvae. This cell, which 
\'aried much in diameter from but little more than the numerous 
‘‘spores” lo three or four times the lcng:th of their long:cst axis, 
was apparently globular in form, and in a fresh slate was ver\^ 
iransi:)arcnt and could only be discerned with difhcult\'. The 
following characters, however, were seen. The substance of the 
cell was finely granular, and often contained a number of large 
transparent globules. When fixed and stained the only dif¬ 
ferentiation was that of a large dark mass, apparently the nucleus 
(Idate \h, Figs. i8, a and h). In some cases these cells seemed to 
l)e dividing (Plate \k. Fig. i8, c). 

In the face of all these diverse types of cell, which live in 
preciseh' the same wa\% it is e\ ident that the forms first found 
are not spermatozoa, and further the fact that the flagellum is 
replaced in one “s]:)ccies” by a flattened disc eliminates the 
possibilit}’ of their being Flagellates, It is therefore probable that 
one must look to the Microsporidia among the Sporozoa as the 
group to which these bodies belong. It is further noticed that 
many of the forms are \'er\^ similar to those met with in the 
genus Cilugea to which the well known pebrine disease {G, hoinhy- 
cis) of silk-worms belongs. One must therefore conclude that 
it is a |)ebrinc-like disease, which is killing off a high percentage 
of the Simuliid larvae in the neighborhood of Boston, though on 
account of the \’ast difference in structure and mode of life of 
the two hosts the life history of the jLirasite in the Slmiillum 
larva' is \’ery unlike that described by Pasteur (’70) and Slcmpell 
(’09) in their work on the disease in silk-worms. 

l.H-E History of the Parasitic i\ Its Host. 

As in the case of Mermis, I know \’ery little about this, since 
1 did not disco\-er it till the final stages of the larwa were being 
approached, and in e\'er\' instance but one it was ai:)pareiitly in 
exaclly the same condition, namely, the “spores” were all 
formed aiul were sinijily awaiting the death of their host and its 
rc'sulling decomposition to escape into the water. 
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The one exception, however, was that of a larva fountl on 
April 17. It was one of the first discovered, in the abdomen of 
which could be seen, with a dissectinc: lens, large white bodies 
floating in the blood plasma. On dissection these bodies proved 
to be rounded masses of flagellate s])ores. a few of which had 
become disengaged aiul were apparentK’ mo\'ing about b\' iheir 
own impetus in the bloofl plasma. As, howex’cr, I liaxe ne\er on 
any subsecjiient occasion observ ed such a movement among these 
spores I am inclined to believe that litis was simply a Brownian 
movement, which 1 have* flistincilv recognized in later examina¬ 
tions. Though 1 search<*(l carelullv’ f(jr other larv a'with parasites 
in a similar stage 1 was un.siiccesNful. 

In s(‘rial sections ol parasitized larva' similar efl'ec'ts to those 
exhibited when Mcrmis is present, are n<»lice<l in that the fat- 
body is much redu('<*d Plate 1 \’., I'ig. to) and the ^e\ual organs 
could not be delecic*d, whereas the ^pinning elands and muscu¬ 
lature* apj)arentlv remaim*d unaflecied. 'I'lie para>ite probably 
enters the host through the alimi*niarv tract for in all cases of 
infe('led larva*it was hmnd that the mesenteron vva> distorted in 
one or more* phu'es -.how ing distinct hv perirophv* as if the celb had 
bi*eii !)adiv irrilaO'd but had healed overag.tin ofti’ii permitiing 
the sj)ores to pass liiroueh into the body cavitv' (Plate l\ .. I'ig. 
10, c). 1 n one c.ase a sm.ill ('olony of “s])ori*s’* was found inside* the 

alimentarv- tract. Ijui it is *juiie pos-ible that these* hael be*en 
re'centlv taken in with the* WtiteT, as parasitized larva* were* 
coiistantlv' dving in the* <*olonv'. and anv material, floating in 
the* wateT sin'h as liberate*d “spores/* would be caught by the 
ce|)halic fans of still living larva*. 

In all icconk'd e'asi*s of M icrosporidia j>arasites it has been 
notice‘d that the* “spore-s” live*, .u least during their early stages, 
inside some boely tissue of the* host. An exam])le of this is te) 
be found in pe'brine of silk-worm larv'.e, in which case the spinning 
glanels are* the* m<un seat of alltU'k. It must be borne in minel, 
however, that an attack upon these organs in the larva now 
uneler e'onsideration woulel. in all ja'obability, result in the early 
de'ath of the he^st. for it is onlv' by me'ans of the much strengtheneel 
silk thre'aels that the larv .i is enableel te) maintain in rajiid streams 
the [)erpenelicular positi(m which is essential to e)blaining fe)otl. 
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while at the same time the larva has to depend to a larg:e extent 
on these threads for retaining any foothold on the rocks, for when 
moN’iiig its position, the adhesive disc of the proleg frequently 
loses its grip and the larva is washed clear of the rock. \’er\' 
rarely, however, the anchoring threads, which are always present, 
break vso that the lar\'a is able slowh" to draw itself once more to 
its support. Sect ions of the Simiilinm larva disclose the fact that 
there are very few other tissues in the body. The muscular 
system is much reduced, and the only tissues available for attack 
without rapidly killing the host are the fat-body and the sexual 
organs, and I am under the impression that it is the latter which 
are usually the original scat of attack. In frontal sections of a 
very young larva taken during March, only one testis could be 
found, but on the other side of the body a small iikuss of minute 
cells, taken at the time for small oenocytes, was situated a little 
back of the norma! position of the missing testis. The cells arc 
too small to show any structures but it is possible that this is a 
diseased testis to which the spores made their way as soon as 
they entered the body cavity. Later sections also show traces 
of a \ ery thin membrane in\'esting the mass of “spores.” 

1 kept a large number of diseased lar^■ie in running water, 
hoping to see some of them jmpate, but in every case they died, 
and soon liberated the spores, whereas many of the healthy 
lar^'a^ which were approaching maturity, pupated in captivity. 
It is thus CA'ident that hea\ ily parasitized larv?e ncA^er pupate, but 
die in the stream, liberating their countless spores in the water. 
What happens to these spores I have been imalde to ascertain. 
LarA'ie were allowed to die in distilled water and the liberated 
organisms were examined at intervals, but though they strong!}' 
resisted decomposition they never showed signs of moAcment or 
altered condition. Sections of pupm and adults obtained from 
badly infested localities failed to rcweal aiiA' cases of the disease 
being carried beyond the larA'al stage. It is therefore [wobablc 
that the disease is not hereditary as is the case Avith pebrine, 
and as bedore stated it was seen that the presence of this parasite, 
in cA'erA' case examined, apparent!}' resulted in castration of the 
liost. It is, howcA'er, possilde that among the \'ast numbers of 
lar\’a‘ a few were onl}' slightl}’ parasitized and did not haA'c their 
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sexual organs entirely destroyed. Such indi\'idiials sliould be 
capable of pupation and might in that way carr\* the disease over 
as in the case of pebrine. An examination of se\xral hundred^ of 
lar\Te did not re\'eal one in which sucli a condition was possible. 

Were there o\'erlapping generations of larvae the maintenance 
of the parasite could be more easily understood, but the spring 
brood pupated and hatched during the first half of May, and 
liiere are not at the time of writing any signs of more eggs being 
deposilerl on the rocks. It thus seems that there mu'^t be a 
secondary host in w hich this parasite passes the summer.^ 

'Tin*: Pi-:kCi:NT.\r,E of Infested Larv.e. 

The numlx'r (jf infested larvae \'aried to a great extent in 
differemt stream^. In the part of the stream in Forest Mills 
where the parasilos were hr>t noticed, le^s than i |)er cent, of 
the larwi* were parasitized, h;ilf a mile furthiT up the stream a 
little under 40 j)cr cent, were infested, while in llu* Slon\’ Brook 
Reserv ation w lu*re tw(j t\ pes of “spores” were present among 
the parasitized larva-, between 70 and ^o piT cent, of the in¬ 
dividuals wen* to bi- seen with the immeiisi-ly distended and 
whitened abdomens which proclaimed them to be suffering 
from this fatal disease. 

It will thus Ik* seen that should this disease together with the 
previously (h-siriln-d Mcrniis p*irasite, prove to exist as abtm- 
daiitly in otlu*r localitii-s as it has during the past spring in the 
V icinilv of Ihjston it must be of considerable importance in the 
natural control of the black (lies which are such an annov*ance 
to man and bc-ast, especiallv’ in more tropical regions, and if tlie 
supposed seciHidarv' host of the Sporozobii does not prove to be a 
fish or animal of any value it should be possible to infect streams 
where Simuliid larwe breed, and diminish their numbers very 
largely without the danger of |)oisoiiing the fish bv applying 
oil or other substances to the v\ater. 

Summary. 

Siniuliutn larva\ which are found in vast numbers in small 
rapid streams around Boston, are seen to feed by standing per- 

• l have since July 31 noticed isolated specimens of a dilTerent species of larva 
in one of the streams where the parasite abounded in the spring brood, but have 
not found any in which there were signs of the parasite being present. 
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pcncliciilarly on rocks lo wliich they are attached by a strong anal 
adhesi\ e disc, and kept in position by silken threads secreted by 
the salivary glands. While thus anchored they spread out a pair 
of cejdialic fans which act as strainers and collect small particles of 
food from the water. The head capsule is moulted independently 
of the ])od\’ cuticle and exposes a new capsule which is at first 
white with a few dark spots on the vertex, but which raj^idK^ 
becomes uniformly darkened all over. The thorax bears un- 
usually well defined and large histoblasts of the imaginal wings, 
halteres and legs, and also on either side a histol)last of the 
pupal respiraior>' filaments, which by turning black when the 
lar\'a is mature becomes ^*ery conspicuous at this stage of growth. 
The larvie are infested l^y two parasites, namely a Menuis and a 
Sporozoon, both of which live in the bod\’ cavity. 

The Mermis does not affect the lar\'al de\'elopment to any 
extent, except by slightly increasing its size, 1ml it inhibits the 
development of the histoblasts to such an extent tliat pupation 
becomes impossible. 

The embryo worms are prol)ably caught by the cephalic fans 
of the larvae and pass into the alimentary tract, through the 
walls of which they' bore and live in the body cavity of the 
host till the latter matures. They then rupture the abdominal 
cuticle and pass into the water wliere they li\x‘ a free life under 
stones in the bed of the stream. The number of worms con¬ 
tained by a single larva is usualK^ only one, but as man\' as 
tweK e ha\'e l)een found. A single worm measures 3 cm., which 
is about three times the length of the host. In some streams 
25 per cent, of the lar\xe were infested with this parasite. Para¬ 
sitized larvae never pupate, but are killed by the worms when they 
escape. 

'bhe retardation in the development of the histoblasts is the 
opi>()site condition to that met with in prothetely which is usually 
caused b\’ keeping larx'^e at an abnormally high temeprature. 
This i)robably results in an increased supply of the enzyjnes 
which cause these histoblasts to develop. Tlie Mermis ap- 
|)arenlly excretes some substance which lessens the supply or 
action of these enzymes and leads to metathetely. 

'file Si:)orozor)ii j)arasite occurs in se^•eral forms in different 
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localities. All these forms, however, live in the same way and 
appear to be related to the pebrine disease of Lepidoptera. The 
body, especially near the apex of the abdomen, becomes much 
distorted and swollen on account of its interior being: closeK* 
packed with a white wooly material which on dissection is seen 
to consist of countless “spores” of minute size. Such parasitized 
larva? are usually rather smaller than healthy indi\ iduals, but 
the histoblasts do not appear to be much affected. The parasite 
apparciul>* enters the body ca\*ity in the same manner as that 
described in the case of Merniis. H\’idcnce of this is seen in a 
lu'perirophied condition of parts of the mesenteric wall. l"rom 
here it seems to pass to oiie or both of the si‘xual organs which 
are destroyed and becomt* the nuclei for the great mass of spores 
which e\entu«ill\' lilU the abdomen. The parasitizetl larwe in 
this case al>o \\er(‘ ne\er ol»er\'i*d to pupate but died when 
maltire. 'I'lu* spores are liberated by a ruiittire of the abdominal 
^\all soon aft(‘r the death of the ho^t and pa-«> into the water, 
after which stage the\- ha\e not been seen. Tp to So per cent, 
of the lar\ a* in some streaiiis were found to txmtain Lirge masses 
of this parasite btu no casrs of slightb* parasitized lar\a* were 
()bs(*r\e<l. riiere has been no st'cojid brood ot Sunuliuffi laiwa* 
this yi*ar, so ii would se<‘m that if the parasite is to appear next 
Near there* must be* a sc*c«inelar\' host in which the summer is 
passc-d. 

I'osTsCKll'T. 

'I'lie* foregeang ace'ount of the S])e)rozoid parasite ot 
hirlipcs was \ fr\ kiinlK’ re*\ieweel for me b\* Pre)fessor X. 
C'alkins, of C'olumbia rni\ersit\. l're)m mounteel specimens of 
the spe»i es sent him he ce)nfirnu*el my opinion that these represent 
some s|H*e ie‘s of M\ xe)spe)rielea, anel elre‘W my attentiem to a p<iper 
1>\- Le)uis Ledger (“pj), whieh I hael o\erle)oke(l because of its not 
being eMlalogtieel uneler in the carels of the “ C'oncilium 

Bibliographicum ” in the C'ambridge library. In this paper a 
new spe'cies e)f Gluiica j^arasitizing the larxae of the European 
Siiuuliuni ornatutn is elescribeel as 6\ varians. I'hc notes on this 
species are in brief as follows: The abdominal region of the 
infested lar\a is greatl\- distended and contains large masses of 
a free parasite in the form of opac|ue, milky white, irregular sacs. 
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Some larvcX contain but one mass whereas others contain two 
to four. The muscles are unaltered, but the fat body is much 
reduced. The alimentary canal always appears to be contorted. 
In onh' one case had the Microsporidea failed to sporulate and 
they then formed a swelling on the external intestinal surface. 
The sacs contain countless ovoid, refractive spores, which, when 
treated with iodine, show a filament 15-20 times as long as their 
longest diameter. Spores of two sizes are jwesent, the smaller 
measuring 4-5^, the larger 8/u. In a siibse(|uent note written 
in collaboration with Hagenmueller (’08) Leger states that the 
spores are sometimes present in a polysj)oric and sometimes in 
an octosporic arrangement. These authors also refer to a simi¬ 
lar parasite in the larvm of Tipula gigantca. 

From the foregoing notes it will be seen that the disease which 
occurs in S. hirtipes is very similar in its main features to that 
described by Leger, and I do not hesitate to regard the organism 
responsible for its occurrence as a closely related form. Pro¬ 
fessor Calkins is inclined to consider the warious forms I have 
descril)ed as belonging to a single species. For this I would 
propose the name Glugca polymorpha sp. nov. Future investi¬ 
gation, however, will (piite possibly show that the various forms 
occurring in different localities are not all representatives of the 
same species, since numerous dissections of diseased lar\'se 
showed that certain types of spores were jieculiar to different 
localities even though present in two different species of Siynulinm 
lar\’a?. 
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Explanation of Plate I. 

Fig. I. Prothoracic leg of a Simuliid larva showing the histoblast (a) at an 
early stage of development. 

Fig. 2, a, 6 and c. Types of spotting on the head of a recently moulted larva 
of Simiiliii}}} hirtipes. 

Fig. 3. A single rake from the cephalic fans. 

Fig. 4. Profile of thorax of a half-matured larva showing the histoblasts. 
a, respiratory organ histoblast (pupal organ); 6, wing histoblast (adult organ); 
c, halterer histoblast (adult organ); d, e and /, pro-, meso- and metathoracic leg 
histoblasts (adult organs). 

Fig. 5. Ventral view of a Simiiliiim larva with Mermis parasites in situ. 
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Explanation of Plate II. 

Fig. 6. Histoblasts of a healthy full-grown larva measuring 10.5 mm. 

Fig. 7. Histoblasts of a larva parasitized by Mcrmis measuring 10.5 mm. 
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Explanation of Plate III. 

Fig. Sa. Average size full-grown parasitized larva of Simuliiim hirtipes meas¬ 
uring II mm. 

Fig. 86. Average size mature larva of Simtilium hirtipes, measuring 8.5 mm. 
showing darkened pupal liistbblast, a. 

Fig. II. Median sagittal section of a half-grown healthy larva to show the 
alimentary tract, h, the normal position of the spinning glands, which extend 
backwards from the pharynx on either side latero-veiitrallj^ to the alimentary 
canal, doubling back on themselves at about the point h, where one has been cut 
in cross section; c, the normal quantity of fat body which increases still more as 
maturity approaches; d, one of the pharyngeal glands. (This is not seen in an 
e.xact median section, as the two glands are narrowly separated medially.) 
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Explanation of Plate I\^ 

Fig. 9. Median sagittal section of a larva parasitized with Mermis sp. to 
show the somewhat displaced alimentarj' tract, and a, the coiled up worm; b, the 
displaced spinning gland, a short longitudinal section of which has been cut; c, 
the much reduced fat-body; J, one of the pharyngeal glands. 

Fig. 10. Median sagittal section of a larva parasitized with a sporozoon to 
show a, the mass of spores, a few of which are shown enlarged; b, the spinning gland; 
c, the much reduced fat body; d, one of the pharyngeal glands, and e, the some¬ 
what distorted wall of the alimentary tract. 
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Explanation of Plate \\ 

Fig. 12. Dorsal view of a SimiiUiim larva with Sporozoid parasites in situ. 
Compare with Plate I., Fig. 5, which is normal in shape. 

Fig. 13. Ilistoblasts of a larva parasitized with the Sporoioa measuring 9 mm. 
Compare with Plate II., Fig. 6. 

Fig. 14. . 1 , B and C. Simple “flagellate” type of parasite, X4,ooo. 

Fig. 15, .1 and B. Annulate “flagellate” type of parasite, X4,ooo. 

Fig. 16. Type of parasite with “flagellum” replaced by a flattened disc, 
A showing surface view of disc, X4,ooo; B showing side view of disc, X4.000. 

Fig. 17, A, B, C and D. Simple ovoid type of parasite, X4,ooo. 

Fig. 18, . 1 . iJand C. Other bodies found in small numbers among the “spores,” 

X4.000. Many are larger in proportion than those illustrated. C shows one 
apparently dividing. 
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TflK PERSOXAL EOrATIOX IX BREEDIXG EXFERl- 
MEXTS IXVGEVIXG CERTAIX CHARACTERS OF 

MAIZE.' 

R.WMOXI) i>i:arl. 

In the ^iiniiner of n^oS some experiments in the cross-hreedinp: 
of ( ertain i\'f)es of maize were l)ei;un 1)\' the writer and his former 
rolleaKiK\ I^r. I'rank M. Siirf.ice. d'he present paj)er lias to dt) 
with a part of the results ohiainec] 1)\- ero^sint^ a white sweet 
\ariel\' (o’ iJ.iriMit) wiili a \ellow ilent wirieiy (9 parent^ 
lh>th N'arieties Used were “pare,” in the s^n^e that eaeh brt^d 
trill* to tlie !e:eneral i\'pe O) w hi('h it belom^ed. 'Flu* history of the 
.swt‘et \ ariet>' Used h.is been <letailed in .inollier jilace’ aiicl need 
not be repealed here. 'I'lu* imjiorianl ihinq; to be luUed al lliis 
time is that in its whole hisior\- ihis sweet I'orn Used in ihe 
cross bri*(*din^ experiments had ne\-er been known lo prodm e 
an\’ l)Ut sieecl {sii^^ar\ ) keriu‘is lA an exceptional dciL^ri'e of 
xehilcficss.^ 

rile ilent corn iisi*d in the experiments was aUo of known 
hisiorx . A discussion of its history, and of the ch.iracteristirs 
of the I'orn has been t^iN en elsew lu red The esseni i<il point lo be 
noted here is that duriny a loni; period of \ears it has ne\er 
produced ain lhin^ except starchy kernels of a deep orant^e yclloic 
color w hen ripe. 

' PaptT'i Ironj die Bioliijiical Laboratory ol the Maine .Vgricultural Experiment 
Station. No. 2(j, 

* Pearl, R.. and Surl’ace, !•'. M., “Experiment:? in Breedini; Sweet ("urn.“ .Me. 
.\.i;r. ICxpi. Stai. Ann. Report lor iQio. pp. 24«>-3ii7. 

’.V puie chalky while or. put in the other way, tlie entire absence ol yellow 
color, is an absolute essential ol a liiijli grade of corn from the packiT's standpoinl. 
d h<* swi'et corn here under discussion is regardt^d by expert packers as an exception¬ 
ally line strain for their purpose. 

* 1 ‘earl, R., “ The Meiulelian Inheritance of Certain Invisible Chemical Charac¬ 
ters in .Mai/e." Zeitschr. f. Ahst.- u. Vercrb.aehrc, Hd. \'I.. 1911. 

339 


340 


RAYMOND PDARL. 


4 'he general results wliich follow the crossint^: of a N'ellow dent 
( 9 ) with a white sweet (cT) luaize are well known. Yellowness 
of endosperm is dominant over “\\hiteness” of endosperm, and 
“starchiness” o\*er “sweetness.” Conseciuently the Fx kernels 
are externalh’ indistinttiiishable (in fact as well as in theor\') 
from those of the pure yellow dent ixirent. These Fi kernels 
planted gi\*e rise to plants hearing: ears of which each should 
ha\*e four distinct kinds of 1^2 kernels which ought. l)y theory, 
to occur in the simple dihybrid ratio, 9 N'ellow deni, 3 white dent, 
3 \ elIow sweet, i white sweet. 

The present experiments^ entireb' confirm in all essential re¬ 
spects this general Mendelian result. Certain novel points 
arose, howe\'er, in the course of the work, which led to the present 
iiiN'estigation. 4 'hese points may now be considered. 

A large (luantity of ears bearing F2 kernels was raised. These 
ears were Nvell matured. 4 'his was indicated both b\^ their 
appearance and by the wa\' the seed from them germinated. 
One of the assistants in the laborator\', Miss Maynie R. Curtis, 
undertook the sorting and counting of these Fo kernels on an 
extensiN'C scale. In this work the following situation immediately 
develojied and was called to the writer’s attention. Wdiile iii 
general the F2 kernels fell Nvithout any doubt or difficulty into 
the four classes or categories, yelloNv starchy, white starcliN', 
N elloNv sweet and white sweet, yet there Nvere a number of kernels 
(>11 each ear that were extremely difficult of classiheation. These 
kernels were, in short, intermediate in respect to their external 
visible somatic characters, and might, in the individual case, 
be put with ecjual propriety into either of two classes. Into 
which class such an intermediate kernel Nvould actually lie put 
])lainly depended upon the personal bias of the observer, rather 
than upon any jieculiarity of the kernel itself. This result aj)- 
peared to be of enough interest and potential significance to 
Nvarrant a more extended and thorough iinestigation of the 
matter. I'he present pajier deals with the results of such a 
stucK'. 

detailed de^^cription of the conditions and manner of these experiments has 
bren given elsewhere (I'earl, loc. cit.) and need not be repeated. 
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Statement of Problems and Plan of Investigation. 

The problems viih which this work is concerned may be 
summarily stated as follows: 

1. To what extent is the personal equation of the observer a 
significant factor in the Mendelian ratios described for simple 
experiments with cross-bred maize? in other words, how closely 
w<;uld the different indi\ idiials of a ^roup of competent biological 
observers agree in their classification and count of the same F2 
material from a maize cross invoh ing such relaii\ el\' simple and 
easily judged unit character^ as color of endosperm, or chemico 
ph\'sical character (jf endosperm (starchy or sweet)? 

2. l)<jes somatic " iniermediatenos ” in maize imply gametic 
“interrnedialenesN”? In oih(*r words, do IT kernels which arc 
inurmediali* somtilivully give rise lo anv' dilTereiit sort of progeny 
when planted than do kernels vvhii h behnig clearlv and indnbi- 
t.iblv- to one or another of the well-defined \!^ameiic classes in IT? 
If ihe\- are true “blends'’ in the (Tiltonian sen^e, ihev* would 
cerlainlv be e\pe('ii‘(l so to do. If, however, thev merelv repre¬ 
sent a phenonuaioii essentialK* likt‘ the incomplete or [larlial 
(somatic domin.nu'e fre(jtienl!\ observed in Mrndelian work, 
it would be expet led that their progeny wotild differ in no essen¬ 
tial panic til.ir from th.it obt.lined from somatically ncm-inter- 
medi.ite kerneU h.iving tin* ''.niK* gametic constitution. 

To te^t tlu^'^e que-^tion'^ the following pi.in was deviled: I'onr 
e.irs be.iring I _• keriu ls wiTi* taken (jtiile at random from a lot 
of .iboni two btisluT of >ueh i-ars, which in turn was a random 
sample* of a whole crop whic h included a mtu'h larger number of 
btis|H‘ls. hkich of thc'-e four e.lr'^ was given .in arbitr.irv' number 
and was separatelv' shelled, great care bc'ing taken to see that 
no kernels were lost. All the kernels from each ear were j)re- 
served together in a bag (or box). The shelling was done in the 
writer’s laboraiorv* in the presc*nce of several workers, so that 
there c.in be no (|uestion w hai'-oever, that all cT the kernels in 
each one of the four parcels originally grew upcjn the same ear. 

'I'lirio of the e.irs so dealt with (Xos. 8, 0 and 10) were normal 
in everv* respect. ITtr Xo. ii was slightly abnormal in the 
respect that a fungus had attacked some of the grains, giving 
them a slight pinkish tinge in addition to their own proper 
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^color. This was especially noticeable in the case of the “white '' 
•sweet grains of the ear, because in a mature, dry sweet corn 
kernel “ wliitc means mereh' the absence of any color (yellow or 
other). The grain is translucent and “not colored.” Any 
extraneous color such as that arising from a fungus attack will 
be the more e\ident. The same considerations apply to the 
white starchy kernels, ('xcei:)t that here the starch of the endo¬ 
sperm gi\'es the grain a positi\'e white color. 

The kernels from each of the four ears ha\ang been separately 
shelled and preser\’ed as described, fifteen persons (including the 
writer) were asked to sort the kernels of each car into the four 
categories, yellow slarclu’, white starchy, yellow sweet and white 
sweet, and then count and record (on blanks pro\’ided for the 
purpose) the nunil)er of each sort found. Four small \'ials con¬ 
taining typical kernels of each sort were gi\'en to each olxser\'er as 
comparison samples, d'he onl\’ instructions given the observers 
were: 

1. To sort and count the material independently. 

2. d'o o[)en and handle only one parcel of seed at a time. 

3. \f)t to lose a kernel, 

4. To count correctly, i. e., to make sure that the total numbers 
of kernels counted tallied with the total numl)ers in the parcel, 
which numbers were set down on the blank for each ear. 

Especial pains was taken to insure that no observer (with theex- 
cej)tion of Nos. ., M1., \d 11. and XI.) should know, in ad\’ance 
of his count, the nature of the experiments which ga\'e origin to the 
material, or the expected Mendelian ratio between the several 
classes of kernels. Xo obser\’er^ Mas, of course, allowed to see 
the restiUs of the counts b\' others tintil after his own liad been 
c()mpleted. In short every effort was made to insure in all 
possible ways that the counts tabled should be the unprejudiced, 
unbiased, indei^endent and ])urely objecti\'e statements of the 
opinions of a group of competent biological obser\’ers as to the 
proper classification of the Fo kernels from these four ears of maize. 

W’e may next consider (he obser\’crs who look part in this 
\\(jrk. At the outstart the writer wishes to express his indelHed- 

* With tlio single c.xception of Xo. XI.. ancl in this case it was soine months 
later tliat liis own counts were nnule. 
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ness to all of those who cooperated in the in\'estigation, and his 
aj^preciation of the painstaking interest and care gi\^en to the 
sorting and counting all. Table I. gives the name, academic 
degree and official position of each of the cooperating indi¬ 
viduals. For coinx'iiience of reference in the paper each oliserver 
lias liecn assigned a Roman numeral. 

Tahle I. 

List of Oiiservers Cooperating in the Present Study. 


No. 

Name. 

Academic 
1 )c^ee. 

Official Posilion. 

I. 

W. J. Morse. 

M.S. 

Plant pathologist, Maine Experiment 
Station. 

11. 

C. E. Lewis. 

Ph.D. 

Associate plant pathologist, Maine Ex¬ 
periment Station. 

III. 

G. E. Simmons. 

M.S. 

Professor of agronomy, Cniversity of 
Alaine. 

IV. 

M. E. Sherwin. 

xM.S. 

Assistant professor of agronomy. North 
Carolina College of Agriculture. 

v. 

Wallace Craig. 

Ph.D. 

Professor cjf philosoplu’, L^niversity of 
Maine. 

VI. 

Raymond Pearl. 

Ph.D. 

Biologist, Alaine Experiment Station. 

\'II. 

Frank M. Surface. 

Ph.D. 

Biologist, Kentucky Experiment Station.^ 

VI11. 

Maynie R. Curtis. 

ALA. 

Assistant in biology, Alaine Experiment 
Station. 

IX. 

Lottie K. McPIieters. 

— 

Computer, Alaine Experiment Station. 

X. 

Frank Pearl. 

— - 

Fanner and practical corn breeder. 

XI. 

W. Johannsen. 

M.D. 

Professor of plant physiology, Cniversity 
of Copenhagen. 

XII. 

P. Boysen Jensen. 

Ph.D. 

Instructor in plant physiology, Cniversity 
of Copenhagen. 

XIII. 

Jenny Ilempcl. 

AI.Sc. 

Assistant in plant physiology, University 
of Copenhagen. 

XIV. 

Gerda Dohlmann. 

— 

Assistant in plant physiology, L^niversit}’ 
of Copenhagen. 

XV. 

Gilman A. Drew. 

Ph.D. 

Professor of Biology, University of Alaine. 


Certain points regarding this list of cobperators need to be 
discussed. In the first place it is obvious that any one of them 
(with the possible exception of X.) might in the ordinar>^ course 
of his wrirk carry out a Mendelian (‘xperiment with maize, either 
independenth’ or in coiiperation i\ ith someone else. If this were 
done and the results published the>’ would cerlainh’ be accejited 
by the biological public as a precise and true statement of the 
facts regarding the material which was in the experimenter’s 
hands. That is. if any worker in this list jiulilished a statement 
that a Mendelian experiment which he had conducted with 

* At the lime this work was clone: Associate Hiologist, Maine Experiment 
Station. 
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maize led to a ratio of, for example, 759 : 243 : 252 : 90 this 
statement would not be doubted or questioned. 

In tlic second place it is worth while to consider the training, 
or lines of work with which these 15 obserxers have had to do. 
Of six ' Xos. I., II., XI.. XI I.. XI 11 .. Xl\'.) the training and work 
has been j^rimariK' botanical. Four of these (the Danish group. 



I II III IV V VI VII VIII IX X XI XII xm XIV XV 

I'jc. 2 Diauiaui the n iiu ,01 llie (lilTrrcni observtT'; of eacl) of the 

four nl kniiols lor ear N >. g. 


Xos. XL lo XIW iiu'lusixe) ha\e had parlicularK' to do x\iih 
llie data of experimental plant breeding, in connection with the 
brilliant and fundanuMilal researches of Professor Johannsen. 
4 'he training and special held of work of h\e (Xos. \\, \d., \ 4 I., 
\dll. and X\k) of the obserxers has been zooloi^ical. Of these 
fixe three iXos. \ I.. \ 11 . and \ III.) haxe had experience x\ith 
the d.iia and methods of investigation in experimental bneding. 
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Table II. 

Showing the Classific.\tion of the Kernels of Ear No. S by the Different 

Observers. 


Chissos of Kernels. 


( Ihscrver. 

Vfliow 

Yellow 

While 

White 1 

Total 

4 'otal 


Starchy. 

Sweet. 

Starchy. 

Sweet. 

Starchy. 

Sweet. 

Mendelian J'-Npec- 

299.25 

99.75 

99-75 

33.?5 

309.00 

133.00 

trition. 





I. 

352 

102 

52 

26 

404 

128 

IJ. 

322 

49 

82 

79 

404 

128 

III. 

298 

7 5 

loS 

51 

406 

126 

IV. 

332 

lOI 

71 

28 

403 

129 

\\ 

305 

101 

86 

40 

391 

I4I 

\L 

313 

100 

90 

29 

403 

129 

\IL 

308 

86 

95 

43 1 

403 

129 

\IIL 

3II 

lOI 

92 

28 1 

403 

129 

IX. 

327 

lOI 

78 

26 

405 

127 

X. 

30S 

92 

95 

37 

403 

129 

XL 

311 

97 

92 

32 

403 

129 

XII. 

313 

99 

91 

29 

404 

128 

XIII. 

308 

97 

95 

32 

403 

129 

XIV. 

312 

104 

91 

25 

403 

129 

XV. 

333 

97 

73 

29 

406 

I 26 

Totals. 

4.753 

1,402 

1,291 

534 

6,044 

1.936 

Means. 

316.87^ 

93.47 

86.67 

35.60 1 

402.93 

129.07 


Another of the five (Xo. \\) adds to the special training of the 
zoologist that of the philosopher and psychologist, which by 
traditional standards, at least, ought to aid in the development 
of a discriminati\'e judgment. The training of two of the ob- 
ser\ers (Nos. III. and I\b) has been agricultural. Further, both 
of these men liclong by birth, early life and education to the 
“corn belt“ section of tlie country, and are thoroughly and 
intimately familiar with maize. 'rhe\' ha\’e had e.Kperience in 
corn judging, which demands the appreciation of very small 
differences in ear cliaracters. ObseiA*er No. X., while not a 
scientific student of breeding, has had successful practical expe¬ 
rience in corn breeding, and is a careful observer. Observer 
No. IX. has been specially trained in liiometric work in the 
writer’s laboratory and has had considerable experience in meas¬ 
uring, sorting small \’ariations out of mixed matcTial, and similar 


I. 

The results of the counts of the four ears b\' the ditlerent 
obser\ers are set forth in d\il)les II. to \b inclusive. Fach of 
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I n ni IV V viviiviiiix x xi xiixiiixivxv 


I'Ki. .1. Di.u'rain the . >unt of ilu* diitoreiu oh‘«<TVor'< of each of the 

lour cla^ <‘s oi k« rm-U lor car N >. to. 

ariMiij^ud follows: ('ohinins arc p:i\cn for llic 
f(Hir (lilltMciu cla^-^cs ol kernels, yellow slarelu , \ellow sweet, 
white* slarelu and white sweet. Al^o eolinnn> an* ^i\’en for total 
slart'lu and lotiil sweet, d'he fir^t row of each table allows the 
Mendelian e\|>i‘cttition for cMt'h class, 'fhe foll(»win.t^ lines show 
the di>tril)tilion of the kernels as reporletl by each of the hfleeii 
obser\ ei s. 

d'he data f(»r the color ( lasses gi\en in thesu tables are show n 
graphicalK in h it^s. i lo ^ incliisi\ e. ()ne of these diagrams is 
(kwoted lo each of the four ears used in the studw Each figure 
gi\es the plotting of i‘ach obseiAer’s count of the four classes of 
kernels, d'he Mendelian expectation is plotted in each case as 
a doited siraight line and the mean of the results of the different 
obser\ers as a straight line of dashes. 

I'rom these labh^s and diagrams we note the following points: 
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Taple III. 

Sfiowing the Classification of the Kernels of Ear No. 9 by the Different 

Observers. 


Observer. 

Ment]eli;in Expec¬ 
tation. 

Yellow 

Starchy. 

237-33 

\'el low 
Sweet. 

79.11 

Classes of Kernels. 

^\’h^te White 

Starchy. Sweet. 

79.11 26.37 

I'otal 

Starchy. 

31C.44 

Total 

Sweet. 

105.4S 

I. 

234 

71 

89 

28 

323 

99 

II. 

247 

69 

76 

30 

323 , 

99 

III. 

230 

62 

93 

37 

323 

99 

IV. 

249 

75 

74 

24 

323 

99 

\\ 

227 

81 

84 

30 

3II 

III 

VI. 

242 

79 

81 

20 

323 

99 

VII. 

240 

75 

82 

25 

322 

100 

\'III. 

241 

78 

82 

21 

323 

99 

IX. 

242 

80 

79 

21 

321 

lOI 

X. 

238 

82 


18 

322 

100 

XI. 

245 

75 

78 

24 

323 

99 

XII. 

243 

77 

80 

22 

323 

99 

XIII. 

244 

75 

79 

24 

323 

99 

XIV. 

246 

77 

79 

22 

323 

99 

XV. 

246 

75 

77 

24 

323 

99 

Totals. 

3.614 

1.131 

1,215 

370 

4.829 

1.501 

Means. 

240.93 

75-40 

81,00 

24^67 

321.93 

100.07 


1. For no one of the ears is there entire agreement among 
all the observers as to the number of kernels falling in aiu" one 
of the color classes. There is entire agreement among the ob¬ 
servers as to the total ntimber of starchy and sweet kernels in 
the case of two ears (Nos. 10 and ii), leaving out of account the 
loss of one starchy kernel from ear Xo. 10 between tlie time 
when this ear was counted b>' ol)ser\'ers X. and XI. In the 
case of the other two ears (X"os. 8 and 9) there is some disagree¬ 
ment as to the number of starchy and sweet kernels. In no 
case, howe\*er, is the disagreement in regard to these characters 
so marked as that in res[)ect to color characters. 

2. d'he relative amount of di\*ergence among the o[)ser\'ers in 
regard to the distrilnition of the kernels in color classes is strik¬ 
ingly different for different ears. Far Xo. 9 })lainl}' bore kernels 
which were relati\*ely easy to classify. The same was true of 
ear X^o. 10. On the other hand the kernels of ears 8 and 11 
offered main' difficulties in classification. But in the case of 
ear Xo. 1 1 the difficult\' was largeh' confined to the sweet kernels, 
there being close agreement between all the obser\'ers but one 
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Table lY. 

Showing the ClaS'^ification of the Kernels of Ear No. io by the Different 

Observers. 


< Miscrvtr. 

N C'l'OV 

X’e'i. \\ 

L •us'-e- 

White 

of Kernels. 

White 

1 .t.ll 

Tot.il 


st.ir hy. 

Sweet. 

Star hy. 

''weet. 

st.iTLhy. 

eeC. 

Melt icliun exp*”*. 

24 0 

• I .or 

81. jij 


• .’ 4 .o« 

I >8.eo 

t.it* ■ n 

I. 

251 

51 

85 

45 

336 

96 

II. 

251 

53 

‘^5 

43 

336 

06 

ni. 

24s 

51 

8rS 

45 

336 

96 

i\'. 

2OO 

b 5 

76 

31 

336 

96 

\’. 

24 s 

6s 


31 

336 

90 

\T. 

251 

7 > 

«5 

21 

33 <» 

90 

\'II. 

246 

61 

00 

35 

336 

qo 

\TII. 

2 17 

7 5 


21 

336 

96 

IX. 

2 V) 

70 

^7 

20 

336 

96 

x.> 

2 17 

7 1 

.SQ 

22 

336 

06 

XI. > 

250 

73 

•''5 

23 

335 

96 

XII.' 

247 

71 

ss 

25 

335 

90 

XIII.' 

2 17 

76 

.ss 

20 

335 

90 

XIW 

2 so 

74 

.S 5 

22 

335 

9(> 

X\’.' 

2 10 


Sij 

1 s 


9 <) 

I olaU. 

3.775 

1.012 

I . too 

42 S 

5.035 

1.4 10 

Means. 

240.00 

07.47 

•sct.O; 

2 S.S 3 

335.07 

9O.0O 


(.Vo. 1) witli regard lo llu* yellow* tiiul while siarcliy kernels of 
(ln-> ear. 

3 . 'I'Ik* (MU'^e of the (li^(Tejian('ies between tin* coiiiUs of llie 
-^e\er.il ob^erx iv ob\ ioii^' from the d.ua. Ii will be seen at a 
i^laiKH* from llie diatiranis ih.n ^«‘nerall\' w hen an obser\ er’s couiu 
of ihe yrllou' si.irehx kerneK of an ear. lor example, dexiaied 
from the mean in ext'e-^'^, ihi'- s.mie i*r’s c‘(Hint of ihe 7i.'Jiitc 

siarelu kernels di \ i.ili-d from ihe me.in in defect, and b\' an 
amoiinl approximauT corri*sj>ondin^ to the posiiixe dev iation 
in tile Ollier ca*-t‘. In oih(*r wdnK, certain kernels, either starclu* 
or .sweet, which were* cxilled “y^‘lh>^' ’ h\* one obserx er were Ctdled 
“white*” b\ another. riiis briniLTs out in a striking w«i\' what w as 
ob\ ions to i“ach obserx er w hi» Inindled this mai/e, n.imele, that 
there* w(*re'on each ear a number of both starch)'and sweet kernels 
which were inlernie*diale in re*spect to color. I'he distribtilicjn 
of such kernels into the Mendelian categories de*pends upon the 

‘ Bclwffn tlie litno wlien ear N<>. 10 wa> couneod by observer X. anJ observer 
Xf. one siareliy kernel was lo^l. C'>nsetinenlly ihe tolaU on ibis ear -sum ol all 
starchy and all svseei kernel'-) are smallet byone lor ob-erN ei ^ .XL to X\'. inclusive 
than lor the other observers. 
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Fig. 4. Diagram showing the count of the different observers of each of the 
four classes of kernels for ear No. ii. 


personal “etiuation” or bias of each inclix iclual observer. As a 
matter of fact it was possilile (and this was done) to make a 
perfecth' graded series of eitlier starchy or sweet kernels from a 
single ear which ranged from [ftire white at one end to pure deep 
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'Tn)\\ini. ( 

I .\^sii ii \ n )N 

t*i nil 

kl kSM «>i 

1-. \K No, 11 

it\ Tin*. I)ii ri ki NT 
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\\ 
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IM 1 


''I 

sa »I 


''U ♦t. 

''t ir li\ 

t 

M. n • 1 \f » 



, 

• 4. 


I 1 

«*l 1 







1 

-’o.? 


7 


209 

l»iS 

11. 

jji 

S i 

7,s 

55 

209 

loS 

HI. 

J22 

f 7 

77 

M 

200 

1 o.s 

I\ 

222 

7 S 

77 

.t i 

209 

lo.S 

\ . 

2 2 i 

ro 

7<'> 

4-’ 

20<; 

loS 

\ 1. 

i 

7^' 

70 

S2 

290 

loS 

\ II 

22 1 

7« 

7 ^ 


2<;0 

I uS 

\ III. 

I 

> 

7 S 

2() 

290 

loS 

IX. 

22 S 

S7 

7 1 

21 

2i;9 

loS 

X 

2 2 1 


7s 

44 

2<>0 

loS 

XI. 

22 ; 

^ 1 

70 

^4 

299 

loS 

XII. 

J.M 

7.S 

7.S 


209 

loS 

XIII. 

2 22 


77 

2 <) 

209 

lOS 

Xl\ .* 

-Vil 


OS 

14 

209 

lo.S 

1 nUiU. 

.1.1‘>7 

1.004 

9S9 

44^ 

4. ISO 

1.5 12 

Mean*;. 

22'^. 

70. tH) 70.6.^ 

32.00 

29900 

1 O.S.00 

‘ No count 

ol tlii'< car hy 

ob-^crv 1 

T No. X\'. is 

included in 

tlii'? table. 
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yellow at the other end, with each intermediate step practically 
as small as one cared to make it. An attempt was made to 
obtain photographs of such series of kernels which would demon- 
strate the fact of this gradation pictorially, but the photographic 
resources at command were not equal to the task and it had to 
be abandoned. 

4. The data presented fully demonstrate, I think, the interest¬ 
ing fact that if each of these fifteen competent, and with one 
exception fXo. X.), specially trained obser\’ers had independently 
undertaken an in\’estigation of Mendelian inheritance in maize, 
and all used the same seed, of at least the two strains here em¬ 
ployed, grown their crops in the same place, and e\XMi studied 
identically the same progeny ears, no two would have fully agreed 
in the numerical values of the F2 ratios, 

II. 

Let us now consider the (luestion as to whether these deviations 
due to personal equation are of sufficient magnitude to be prac¬ 
tically signihcanl. The whole of the remainder of this paper 
will be devoted to a discussion, from different standpoints, of 
the cpiantitative asfiects of the recorded classifications of the 
several observers. All these data will bear upon this general 
point. To answer the Cjuestion specifically raised in this section 
it will only be necessary to show tlie range of the \’ariation 
exhibited in the counts made. Table VI, gives for the four ears 
and the four classes of kernels on each ear {a) the mean numbers 
of kernels found liy a\'eraging the counts of all observers, (b) 
the minimum and the maximum recorded number of kernels, (c) 
the total range of variation shown in the records, and {d) the 
percentage which this range is of the mean of the same class. 

It is c\’idcnt from this table that the jiersonal element is one 
of real significance. When t\\o careful obser\'ers can differ in 
their count of the same set of objects by as much as one and a 
half times the actual number of the objects counted the factor 
which leads to this difference is certainly not to be neglected- 

An examinati<m of the standard de\aations and coefficients 
of A'ariation of the counts leads to the same result. These 
constants are shown in Table \ 11 . It sliould be said in this 
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Table M. 

SiiowiNc, THE Range of Variation PZxhibited by All Observers in the 
Several Classifications. 


1 .ir 

N .. 

( isH. 

Mean. 

l-owe^t 

Count. 

C » nt. 

' K;ini;e. 

l‘ercenta,i:«-' >1 

K.intre in .Mean. 

8 

Yellow starchy. 

316.87 

298 

352 

54 

I 7.0 

8 

^'ellow swt*(‘t. 

93 17 

49 

104 

5 .S 

5 S.^ 

8 

White starchy. 

86.67 

52 

lOS 

56 

64.6 

8 

While -wr.-i. 


2 .S 

70 

54 

1507 

9 

Yellow 't.irchy 

240.01 

227 

249 

22 

9.1 

9 

\ ellow s\v«M*i. 

7 S 40 

62 

82 

20 

26.5 

9 

White starclu'. 

M.Oo 

74 

93 

IQ 

234 

9 

W hite "Weel. 

21.67 

18 

37 

19 

77.0 

lo 

\'«*llow star< hy. 

249.00 

24 s 

260 

15 

0.0 

lo 

\'elh)W -wet-t. 

97 - 17 

SI 

7'^ 

27 

40.0 

10 

Whil<‘ siar< hy. 

v >.97 

70 

91 

1 S 

17.3 

10 

White 'sWerl. 

28. 

I8 

AS 

27 

94 9 

I 1 

N'ellow '•t.irihy 

228.36 

22 1 

292 

7 1 

31.1 

I I 

\'ello\N ‘.\\ri-l. 

f'l 0 ) 

>1 

94 

41 

53-9 

I 1 

\\ hile •'tarehy. 

70.1 

i 

78 

71 

100.5 

1 1 

W'hite «.\\<i*t. 

42,01 

I t 

.S1 

41 

12S.1 

Mean. 






59.2 

eonneeiion that for 

th(* particular ^ort 

of problem 

here dealt 

with it 

wolihl appear that ihi 

■ nictliotl ( 

»l cxprc'^.'^iiit^ 

the dei^rec 

of \ ari 

al)ilil\* w hich i 

> ti'-tMl in 

Tal»lc \ \. 

i. e.. 

the al»M)liile \ aliic 

of ihe 

raiK’t' diid ils 

relation I 

lo the nu\ 

in) i.s 

probably t)f more 


timI ili.m Ji'i* ihr 0 )ii\rniiuiial loiislciiils in 'rahle 

\'II. Ill tin* prc^oiii inNiHiirc ii the ran^c of wiri.iiion c. p., 


the exirenu* anioiiiiis li\ wliii h dilferi ni nlisiTNern dilTer in their 
coiinls- whieh is tlie tiling jiriinarx’ iiUiTest iind practical 
si^nilicanee. 

'!'al)le \dL ^ixes ilio siamlard de\iation .iiid cueUicieni of 
xarialioii lor the eoiiiils df iwch i ot kernels. 


'I'abli \’!I. 

.SH0\\1N(. TIIL .\IIS()IA IE \M> Rl-ENriN'K \’\KI\TION IN FHE CoUNFS OF FHE 
.SU\IR\L ( I \ssE'> OF Ki KNELS.J 



\ .vx ^t... 

> N . 

W h t. "t.*. 

• \ 

\(fl.xx 

''XX r «-l. 

W Im.. 

''xxr* 1 

• 

'S. I.l 

i • 01. 

''1 111 * xr ' 

t . Il 

xn’l.xr 

C. rtT 

^t.xi' '.xrxl 

t >01. 


1 »t X -Xt- • . 

1 \ 11 

1 *< X 1* >11 

1 \ ar. 

1 *rx i.xtiiin, 

1 \ -r 

1 *• X i.xti Ml 

«.| \ ar. 

8 

i.M 1 

4.24 

12.90 

I4.9S 

13.85 

14.82 

I3.5S 

38.14 

9 

(>.09 

2 . S 3 

4.8.1 

5*98 

4-91 

9.51 

4-69 

19.00 

10 

3.52 

1 . U 

3-46 

3-99 

9.08 

*349 

9.08 

31.84 

11 

17.86 

7.82 

I 7.86 

25-28 

10.52 

13.84 

10.52 

32.88 


‘Since ilic<c coH'^iant.'^ are not used in any clclailotl comparisons it has not been 
thought ncccs'^ary li> calculate probable errors. .\H the necessary data are at 
hand, however, if anyone wishes to make these computations. U need only be 
remeinln'red that for ears S, 9 and 10. n = 15. aiul for ear 11, m — i.p 
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This table brings out several points which need discussion. 
These are: 

1. The amount of \'ariation, both absolute and relative, in 
the counts is shown by the measures here used to be very large 
for some ears and classes of kernels. For no car, taken as a 
whole, can the variation fairly be considered negligible. Thus 
the conclusion prcviousb' reached by another method is con¬ 
firmed. 

2. The amount of \’ariaUoii in the sorting and counting is 
distinctly different for the different ears. From the \’alues of 
the constants it would appear that car No. ii presented the 
greatest difficult}' in respect to the classification of starchy 
kernels. In respect to sweet kernels ears Xo. 8 takes rank as 
offering the greatest difficulties. The starchy kernels of ear X^o. 
lo were the easiest to classify of all starchy kernels. In the case 
of sweet kernels ear X"(x 9 had fewer intermediates (/. c., was 
easier to classif}') than an\' other ear. 

3. Relatively there was closest agreement among the obser\'ers 
in respect lo \'ellow starch}' kernels, and least agreement in 
respect to while sweet kernels. This tal)le illustrates the fact 
which was e\’ident to the obser\'crs themselves, that there were 
marked differences in the ease with which the kernels of different 
cars and different classes could be sorted. 

Xow while it has been shown that the fifteen observers do 
not agree in their classification and counts, and that the dif¬ 
ferences are too large to be neglected, it may fairly l)e asked if 
the same result would ajij^ear if the group of obser\'ers participat¬ 
ing were not merely scientifically trained and familiar with maize, 
but in addition had Iiad a considerable amount of actual expe¬ 
rience in the detailed stud}' of variation and inheritance in i)lants. 
In other words, is not that special familiarit}' with the object 
which comes with the acti\’e p’*osecution of research in a particu¬ 
lar field worth something in reducing the magnitude of one’s per¬ 
sonal error or “ecjuation ”? 'Vo get some light on this point Table 
\ 4 II. has beim prepared. 4 'his is made up in exactly the same 
way as 'I'able \ 4 ., except that onlv observers \ 4 ., \ 41 ., \ \ 11 ., IX., 
XI., XII., XIII. and XIV . are included. 'Fhese eight observers, 
comprising the staffs of Frofessr)r Johannsen’s and the writer’s 
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laboratories, have certainly had more extended experience in the 
direct and immediate stud\' of plant breeding and of variation 
in plants finvolxed in all breeding investigation) than ha\e the 
other ob-ervers of the original fifteen. Lists of published papers 
could be riled in [)roof of this were it necessar\', but the fact is 
ob\'ioU'-. W ill this group of workers on problems of variation 
aiul inheritance >how a similar degree of \ariabilit\' in their 
counts to that brotight out in Table \’L? 

Table \dlL 

Miuwisr THE I<\S<.K Ul- \'.\RIVT10N’ ICXinfllTEO BY OBSERVERS \’L TO IX. 
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the amount c)f \ariation in the sorting and counting is tlistinctly 
rediK'ed in tlu* gr»)Up of stude nts of \arialion. W lu*reas the 
*nertige‘ j)ereentage of range in mean is 5O.2 for 'Fable \'l., it is 
but 10.G, or onl\ approximateh' one third as mtich, for 'Fable 
\'lll. Finis it a[)pears that in this case, just as would be* 
e\pe*e‘ii‘d on geiu*ral grounds, spe'cial experience or praclice 
in a [>artie'tilar line greath' re<luces the personal erjuation. 
It must be said, liowewer, that e*\en with the group of ob- 
ser\ ers included in I'able \dlL. the ditTerences are t<jfi large 
to be neglected. \\ hen the range of \ ariation amongst different 
e>bser\ers of the same tiling amounts on the a\erage to apjwoxi- 
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matuly one fifth iiQ.G per cent.) of tlie mean value of the thing 
counted it indicate^ a source of error not lightly to be dismissed. 


111 . 

It is desirable next to examine somewhat more closely into the 
nature and distribution of the discrepancies among the observers. 
A point of particular interest is to determine to what extent 
the counts indicate a definite and persistent bias on the part of 
an observer. There inav be great variation in the counts of 
se\'cral obser\'crs of the same set of things and yet each observer’s 
judgments may be distributed quite at random about the mean. 
In order to get more light on this and some other matters 
Table IX. has been prepared. This table gives in successive 
columns for the four kernel classes, first, the mean deviation 
from the mean, all deviations being taken together without refer¬ 
ence to sign (/. the mean total deviation), and second, the 
mean net deviation from the mean, got by taking the algebraic 
sum of the deviations. All four ears arc used in getting these 
mean deviations. An c.xample will make clear the method of 
obtaining the \'alues gi\en in this table. An c.xamination of 
Tables II. to V. inclusive shows the following set of deviations 
from the means in the counts of yellow sweet kernels by obserxTr 
Xo. 


-i- Deviations from Mean. 

7.53 (ear 8) 

5.60 (ear 9) 

13.13 = sum of + de\'iations 


— Deviations from Mean. 

2.47 (ear 10) 

10.00 (ear ii) 

12.47 = sum of — deviations. 


13.13 + 12.47 
4 

13.13 - 12.47 
4 


= 6.40 = mean total deviation from mean. 

= +0.165 = mean net dewiation from mean. 


The last column of the table gives the total deviation from 
the mean of each obser\ er, all cars being taken together and the 
de\ iations summed without regard to sign. 

It is strikingK’ c\ ideiU from the mean net de\ iations in this 
table that each observer was “a law unto himself.” Nearly 
e\ er\' one of the fifteen ex’idently had a different system of sorting. 
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Table IX. 

Showing thk Mew Deviation from the Mean (Total and Net) and Total 
Deviations of the Coi'nts of all Observers. 
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Sonu* of (lirkroncoN arc \cr\ inurc.stiir^. I'or example: 

Xo. I. had a hit:!) net (kxi.ilion on slarehx- kernelN, leiidiiii; to 
<)\ ereslimate the \eIlo\\s and j)rai‘dcall\‘ /em net dexialion on 
sweet kernels; Xl\*. is exarlK the opposite, ha\intt \ er\ small 
lU’t dexialioiis on the slaia h\' and tendinis stron|^I\' to o\er- 
(‘siimale the \ello\\s amon^ llu* sweet kernels. X<j. II. had the 
lendeiuA' lo iindere'-timatt‘ the \ el low sweets, and ('orresp(>ndini;ly 
to o\ ('rest imale ihe while* swee‘ls. NO. III. consisientK tnuler- 
esiimaled rathe r heM\ il\* all \ ellow s and o\ crestimated all w hile's. 
No. \V. elid j)re*eisel\ llu* e)pj)osiie. Xo. \’. shows a \er\' erixitic 
se*i eif net elisirilnitioiis, owint; t<» his idios\ ncrasy respcctinct ihe 
elise'rimination he'lwe'en starchiness and non-siarchiness. d'he 
result is that while he imdereslimaleel the \ ellow starclu’ kernels, 
he e)\erestimale‘<l all ihe other elcWses. Xo. \ 1. somew hat uneler- 
estimaleel the \ ellow staredn*. but o\ erestimated the \ ellow sw eet. 
Xej. X. shows an exiraorelinarily small net de\ iation on the 
sweet kernels, but dislincily unelerestimateel the \*elIow starchy. 
In general the table show s in a striking way, that the individuality 
of the obser\er is a factor to be reckoned with in work of this 


sort. 
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It is of some interest to examine the trend of the total devia¬ 
tions ^iven in the last column. The data are shown "raphiailh' 
in Vig. 5, arranged in order from the smallest to the gneatest 
deviation. 

This diagram illustrates a point frequenth' overlooked. It is 
commonly argued that the more independent judgments one ob¬ 
tains regarding any point the more accurate will the average 
result be. \\T are apt to sa\' that if ten men measure a stick 
tlie average of tlieir measurements will necessarily be nearer to 
the true dimension than if but three men measure and their 
average be taken. Hut it is plainly evident from Fig. 5 and 
Tables V\. and VIII. that the inclusion of observers I., II., III. 
added nothing to the accuracy of the mean. The point which is 
forgotten in assuming that greater numbers necessarily mean 
greater accurac>^ is apparent if we examine the equation for the 
prol^able error of a mean which is 

= .67449 

1 n 

The probable .error, to be sure, varies inversely with n, but 
it also \’aries directly with o', the standard deviation. And, what 
is here of primary imj^ortance, the standard deviation tends to 
increase as n im'reases. Whether the probable error shall be 
smaller or not as the number of observations is increased depends 
upon what has happened in the meantime to the standard de\'ia- 
tion. W 1 ien u is small, as in the case here under discussion, the 
effect on the standard dc\ iation of taking ;/ + 1 observations as 
compared with n may greatly outweigh its effect in the denomina¬ 
tor of the probable error fraction. 

\\\ 

The next point to be considered is the relative constancy of 
the same ol)scrver’s error. If each of the fifteen observers had 
made a second count of all the ears at some considerable interval 
of time after the first, how closeh' would the recounts talk' with 
the original counts? Such an experiment realh^ tests, of course, 
the stability or constanc>^ of an obser^'er’s judgment. It indicates 
the degree to Mhich his standard of sorting is absolute, and to 
what extent it lluctuates. 
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It was not feasible to ask all of the original fifteen observers to 
go to the labor of recounting these ears. Second counts made 
after a relatively long lapse of time are, however, available from 
three observers (namely, \*I., YIII. and IX.) for all four ears. 
While this gives only comparati\*ely meager data, still some 
points of interest appear. These data are given in Tables X., 
XI. and XII. It should be said that the recounting was done 
in the same way as the original count. In each case the observer 
had no access to the original data while the second count was 
in progress. Xo one of the three had any remembrance of what 
his (or her) original counts were. The writer has not been able 
to discover any factor which would make these recounts any¬ 
thing other than what they were intended to be, nameh', really 
independent fleterminations of the same material by the same 
observers after a long lapse of lime. 

It will be remembered (r/. p. 349 supra) that one kernel from 
ear Xo. 10 was l(jst in the course of the original counting. It is 
therefore obvimis tint all the recounts (jf this ear must of neces¬ 
sity be one kernel smaller than the first counts. 

d'ABLK X. 

DkH.INAI. and SiXoND CueSTS of ICaRS S to II by (^nSKRVKR So. VI. 
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three observers are concerned, the judgment of the individual 
is reasonably constant. I'his is plain if the total deviation of 




RAYMOND PEARL. 


360 


Table XI. 

Original and Second Counts ok Ears 8 to ii bv Observer Xo. V'III. 





Cl.T,>tCS f,l 
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,ar ami Count. 

\ el low 

^clloW 
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Date. 
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January 20,1910. 
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Table XII. 




Original .and 

Second Counts of 

Ears S to 

II BV Observer Xo. IX. 




Classes of 

Kernels. 



Far and Count. 

1 

\'ell<>w 

Yellow 

\\ hite 

N\-hile 

1 )aie. 


1 

Starchy. 

Sweet. 

Starchy. 

Sweet. 


8. 

Original. ' 

327 

101 

78 

26 

January 21, 1910. 

8. 

Recount. 

314 

98 

89 

31 

August 11. 1911. 


Difference. 

-13 

“3 

+ 11 

+5 


9. 

Original. 

242 

80 

79 

21 

January 21, 1910. 

9. 

Recount. 

240 

76 

83 

23 

August 11, 1911. 


Difference. 

— 2 

-4 

+4 

+ 2 


10, 

Original. 

249 

70 

87 

26 

January 21, 1910. 

10, 

Recount. 

246 

71 

89 

25 

August 11, 1911. 


Difference. 

-3 
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+ 2 
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Original. 
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January 21, 1910. 

II, 

Recount. 

222 

88 

77 

20 

August 12, ion. 


Difference. 

-6 

+ i 

+6 

— i 



recounts from original counts be considered. In the case of ob- 
ser\ er Xo. \’I. a total of sixteen kernels were differently classified 
in the recount from what they were originally. Since the whole 
number of kernels invoKed in the experiment was 1,792, this 
means a discrej^ancs' of less than one per cent, between two 
indejiendent .sortings more than a \’ear apart. Such an error is 
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ccrtainl\- negligible. Observer Xo. Mil. classified eighteen 
kernels, all told, differently in the recount than in the original. 
This again is only about one per cent, of the total kernels handled, 
and cannot be regarded as a significant error. In both of these 
cases (\T. and \dII.J the discrepancies had to do entirely with 
the color classification. With observer IX. this was not the 
case. f)n both ear 8 and ear 0 she classed two kernels as sweet 
in the recount which she had originally called starclu'. Alto¬ 
gether this observer classified ihirt\ -fi\'e kernels differently in the 
recount from what she did in the (original. This however repre¬ 
sents a relati\e error of a little les'> than two per cent. Xo \’ery 
great stress could l)e laid upon such an error. 

I'rom the tables It will be noted that there was a marked and 
nearl\' uniform lendeiicv' on the part all three observers tc'> 
underestimate llu‘ \ ell(n\s (both stareh\ .iiid sweet) and to o\er- 
estimat(‘ the whites, in the re('ount'^ I'ompared with the orig¬ 
inals. It seems j)r(jbable that the cau^(‘ of tliis lies, in part at 
Ic'asl, in a fading of the \'ellow t'olor during the lime since the 
first cotmt'^ were made, 'riiiis it ma> be* that kenu‘ls which were 
plaiiiK- N'cllow when first e'ountrd are now w hil<* (»r \ er\- nearh' 
so. A funlu*r f,i< i which wotild indic*ite that hiding luid oi'ctirred 
is found in the menLil imj)ressi(jns <►! the obser\e*rs. All three 
found the material di'^tinctlx* more* difficult to cla'^sifx* when re¬ 
counted than whe n originally e'oimte-d. ()ne fe*els eertain that 
a part, at le‘<isi, of this i^ due* to a change* in the* material il'>elf. 

l\e*cogni/ing full\’ tin* meage^n^•^'^ of the material, the* facts 
so f.ir as ilu‘\‘ go seem to indicate clear!\' tinil the same obser\ er 
is likely to classify the* s.mu* material in about the same way 
e\er\- time. If a particular kind of bias is shown in one count 
it will appe*ar e‘^M*ntiall\* unaltered in succ'essi\e‘ trials. This is 
probably more true of obseiwers especiall\' experienced in dc*aling 
with the data of \arialion llnm in the ca'-e of tho>e withotit stich 
e\pe*rienee*, though figures are lacking to (h‘monstrate lliis. 

\'. 

\\\‘ come next to the consideration of the second cjuestion i>ro- 
posed at the beginning Q). 341 ). 'This was; “ Does somatic ‘ Inter- 
medialeness* in iihiize impl\- g.imetic ‘intermediatencss’? In 
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Other words, do Vo kernels which are intermediate somatically 
gi\’e rise to an\’ different sort of progeny when planted than do 
kernels which belong clearly and indubitably to one or another 
of the well defined gametic classes in F2?” I'o answer this cpies- 
tion carefully controlled plantings of somatically intermediate 
kernels were made in 1910. Series of starchy and of sweet 
kernels were formed ranging in each case from pure white-at 
one end to pure deep yellow at the other end. Then rows were 
planted as follows: (1) ]:)iirc white, (2) deep yellow, (3) the lightest 
yellow to be found (= somatic intermediates), (4) the yellowest 
whites to be found ( = somatic intermediates). The kernels 
in classes (3) and (4) were such as would be classified with 
the yellows by some obscr\’ers and with the whites by others. 
The rows included about twent>' plants each and were made 
in duplicate, and in some instances triplicate for both starcln^ 
and sweet series. In each row a varying number of ears were 
self-fertilized (i. c., pollinated by hand with pollen borne on the 
same plant). OAving to the numerous vicissitudes incident 
to hand-pollination, together with pressure of other work, as 
large a number of good ears as would be desirable was not ob¬ 
tained. Some of the possible gametic combinations were not 
represented at all in the progeny cars. This part of the investi¬ 
gation is, in consequence, not complete. It seems desirable, 
however, to present briefly the general result shown by the fifty 
odd ears at hand. 

This result was that there was no discernible difference what¬ 
ever between the progcii}^ of groups (i) and (2) as a class, and 
that of groups (3) and (4) as a class. In (3) and (4) some of the 
kernels planted were of course heterozygotes and some were 
homozygoles. The same was true, howCA'cr, of the kernels of 
(ij and (2). In each case a typical Mendclian result was ob¬ 
tained, and this result could have been predicted in every case 
(with the exception to be noted presently) had the gametic con¬ 
stitution of the kernel been known when it was j)lanted. It 
could not have been predicted from the somatic appearance of 
the kernel. 

d'he only beha\’ior of an exceptional character obseiA’ed in 
these selfed ears was that in certain of the white sweet kernels, 
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which were homozygous recessives in respect to absence of yellow¬ 
ness anci starchiness, selfing brought out a latent recl.^ The 
three ears of this t\^pe wliich were obtained all came from kerncI^ 
classified in the planting as pure white (group (i)). Xo such 
ears wctc of)tained from selfed sweet kernels in group (4). The 
total number of homozygous, non-yellow sweet ears obtained 
was too small, howe\'er, to make it at all certain that similar 
red ears might not, with larger numbers, be obtained from group 
(4) kernels. 

It is planned io get furth.er data on this portion of the iinesti- 
galion, u^'ing for planting the kernels of ears 8, 9, 10 and 11 
which formed the material for the personal equation part of the 
work. It can be said at this tiim* that the ex|)erimeius with 
cross-bred mai/e so hir conducted furnish no e\ ideni e that 
somatic “iiilc*rmediati'ne‘>s” r'onnoies gameiic iniermediateness. 
'The progeiu of a dc'cp ycTow kernel selfed i^ not \ isibly different 
from that of a light \a*llow kernel selfed, provided b«)th are of 
(he same gametic ('(uisliiulion. The result of this experiiiuait 
preciseK' agr<*i's with 1 )arbishire’s- extiaisive studv' of essentially 
the same problem with peas. Indeed his I'mal conclusion {loc. 
f / 7 ., p. 7!) applies here willu)Ut change of wording: “'I'lial in the 
at tempt to j)redi(. I the result of a given mating the somatic char¬ 
acter not onlv' of th(‘ parents and of the ancestors of the indi¬ 
viduals male(l, but of the indiv iduals themselves, mav' be eiilirely 
left out of aca'onnt; and that the expectation based on a theorv' 
of the c<intenis of the germ cells of the two individuals is fulfilled 

Disc l ssION .\M) St VIMARV. 

Results such as are set forth in this j>apcT would certainlv* have 
bc‘en al one time proclaimed bv* some as furnishing a refutation 
of Mendelism. In fai't one of the eai liesl criticisms^ of Memlelian 
work was mainlv' devoted to calling attention to the existence of 
such somatic intermediates between Alendelian categories in the 

*A .‘similar rrMili li.is rccciuly been described by Emerson, R. A. Repi. Ainer. 
Ureedeis* A^mk., \T., 2^7, igij. 

* Daibi-^liiir. A. D . *‘.\n l*:.\perimeiual Eslimation of tlie Theory of Ancc'ilral 
Contribiilions in llerediiy.” J*roc. Roy. Soc., H. \*ol. Si, pp. Oi 79, 1909. 

’W'eldon, W’. K. R.. “Mendel's Laws of Allernalive Inlieritance in IVas,“ 
Bionulrika. Vol. 1.. pp. 22S-254. Platen I. and IL, 1902. 
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case of peas as arc lierc slioMii to exist in maize. Tliat such 
\'ariation, pro\'idecl it be reall\’ somatic or fluctuational, is, how- 
e\'er, of no real importance in relation to the cardinal facts of 
Mendclian inheritance has been shown by all experimentalists 
who ha\c de\’oted attention to the matter. Bateson^ {loc. cit,, 
pp. 240 244) gi^'es an illuminating discussion of the whole matter, 
with special reference to the idicnomena in peas. East and 
Hayes" discuss the same point with reference to maize and show 
that somatic intermediates beha\'e in inheritance in accord with 
their gametic constitution rather than their somatic appearance. 
Certainly the time is past when facts such as are set forth in the 
present paj)cr can be adduced in criticism of basic Alendelian 
principles. 

The essential point brought out by this study is, it seems to me, 
that the well known general fact that every datum of science 
is a function (in the mathematical sense) of two \'ariables, namely, 
the obser\'er and the thing obser^'ed, is once more emphasized 
by a particular case. 

A thorough iiu'esligation which brings out essentially this 
same point, though conducted on a different class of material 
and with a somewhat different object in view, has been made 
by Yule.^ 

It will be freely admitted by everyone as an abstract proposi¬ 
tion that the personal idiosyncracy of the observer constitutes a 
source of error in all scientific obscr\'ing. Vet how often does 
the l)iologist not working on strietK^ quantitali\’e problems make 
any effort either to eliminate or determine the magnitude of this 
source of error in his case and in a specific instance? Anyone 
who has not ex[)erimented for himself on the matter can hardly 
realize how imjiortant, on the one hand, and how difficult on the 
other hand, it is to attain to any considerable degree of real 
objectivity in results. While the “exact” sciences are some¬ 
what better off in this regard than biology, they are after all not 
greatly so. There has, to be stire, been a great deal of work done 

‘ Halcson. \V., “Mendel’s Principles of Heredity." 2d li)dit., Cambridge. 1909. 

2 East, E. M., and Hayes, 11 . K., “Inheritance in Maize.” Conn. Agr. Expt. 
Stat., Bulletin 167, 1911. 

2 \'ule, G. r., ”On the Inlluence of Bias and Personal h'(iiiation in Statistics of 
Ill-defined Qualities.” Jour. Anthropol. Inst., \’'ol. XXX\'I., pp. 325 3S1, 1906. 
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on the theor\’ of errors of observation, particularly as related 
to astronomy, physics, and like subjects, >'et ^o late as 1902 
Pearson^ demonstrated in a most con\ incing manner tiiai much 
of the then currenth* accepted theor\* was wrong, and that all 
of it fjuite o\erlooked a factor which might be exceedingK* 
important, nameK', correlation of judgments. 

d'he present study i'^ b\' no mcan< a complete im estigation of 
the problem of jicrsonal ecjuation in Mendelian work. Correla¬ 
tion r»f err(n> (jught to be studied, and certain other matters as 
well. lUit the present material is statisiicall\' entireK' inade- 
fjuale for the di^cu^'-itju of these points, and it does not seem 
feasible* Kj collect mcjre extensive data, since to do in\'ol\'es too 
gn-at a in'^pa^s (jn the time and gO(xl nature of bti^\' workers, 
[•'urtlu r the material here pri'-«‘nied brings out clearK* the pri¬ 
marily e*'*'-emial points. It -'how*- that in .1 Mendelian ratio the 
])ersonal (‘<|uati<»n of the ob--i‘r\er marks a source of error which 
in the ca^e of mai/i* i^' of C(Jii''i<U ral)k‘ magnittide. 'I'his sourc'e 
of error f|uite oN'ershadow s in magnitude*, in thi-- ca^e. the e*rror 
due to iMiidom siimpling. \\*t it i^ the* latle*r aletne* which is 
ordinariK con^ide*re*d b\' Me nelelian worker^'. The j)robable error 
of a Me*ndelian ratio as (omntonK ('.ilcTilated te lb enie the prob- 
abilitN that tin* ^amj)le* e-oimted is a true* r(*j)resentatie)n of the 
ge*ii(*ral population from which it wa^ drawn. It tells one nothing 
w hate\ e*r about th<* tuu'on^ciciiw bia^ e)l the* counter as a factor 
in proiluciiig the* rc^'iilt M*t down. 

lU Wtt\ of summ.irv it ma\ b(* “-aid that in this jiaper e‘\ idence 
is j)re'-ente*d whieh ^hoW'- tluit: 

1. 'I'hc e)b'-e*i\((l M(*ndelian ration elelermined freun the 
same huir (*ar'' of mai/e* b\ rifleeii compeii*nt obser\ers all ditTe*r 
from one anothe*r. 

2. 'FIk* failure* of all e>b-'e*r\e*rs to agre*e in the ir di'-tribution of 
ke*riiels into ''e*\e*ral cate*gorie-' re^ull'>> from two cati-es, \'iz., {a) 
the* e*\i’^le*nce* of somaticalK' intermediate kernels, and (h) the 
pe rsonal bia^ or idie»'^\ iicimcn ol the ob^erNer. 

3. d'he magnitude e)f the dilfereiux's l)etwe*en the scwral 
ol)ser\e*rH is sueh as to elemoiistrale tliat the personal e(|uation 

I IVai'ion K., "()m iho Matlifnialical 1 lirory cii ICrror^ oi Judi^inrnt, wiiti 
SiM iial Kilt-muH* U» tho IVTst.nal Equalioa.** rhil. rnnts. Roy. Soc., .\. \\>1 igS, 
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is a factor which cannot safely be neglected in work of this 
character. 

4. The obser\'crs who have had most experience in the appre¬ 
ciation and measurement of variation have the smallest personal 
efjuations on the class of material and the problem here treated. 

5. d'here is no evidence that the progeny of somatically inter¬ 
mediate kernels is different, in any respect whatsoever, from the 
progeny of distinctly non-intermediate kernels of the same 
gametic constitution. 


DIFFERKXTIATIOX OF THE HUMAX CELLS OF 
SERTOLI. 


T!lf)MAS II. MOXTGOMKRV. JR. 

University of Pen.nsylvani.v. 

This stud\* is based on the c.vamination of the testis of a 
negro a))OUt 40 years of age, preserved in Zenker’s lliiid while 
still warm after his execution. The fixation was not as excellent 
as might be desired, cytoplasmic details l)eing not always pre- 
scTN'od, but the j)reser\ation of the nuclei \\<is on the whole \er\’ 
good, and of sjiindle ^]gure.■^ excellent. A considerable \ariety of 
staining metluxls were emploxed, of which the mo>t fruitful 
pro\'ed to be 1 leidenhain’s iron hccmaloxyline, with \arious 
degrees of extra('tion, followed by alcoholic eosin. FaraUlne 
sections were made of 5^4 and S/i. 

I'or the gift of this material I am in<lebted to the kindness of 
I )r. Addison, of the Lniversiiy of 1 Vnns\-l\ania. 

1. ('.i*\Kk\L ()iiLiNi-: 01 nil-. Lr<ki>v. 

d'he text diagram exhibits the chief re'^ull-^ obtained. 'Fhe 
aiuepcmultimale spermatogonia contain each a hkI (R.) within 
the c\ tophisin. d'his does not di\ ide in mitosis, con^e(iuentl\' 
just half of their daughter cells, the penultimate spermatogonia, 
come to coiUiiin each a rod, while half of them lack it. In the 
dixision of these penultimate spermatogonia ihe njd does ntjt 
tlixide but b(“Comes distributed to one quarter of the ultimate 
spermatogonia. lAich of e\ery three ultimate spermatogonia 
produces b\'di\ision two j)rimar\* s|)ermatoc\ tes, and the.se cells 
which belong to tin* true germinal c\ cle lack the rod entirelw Hut 
each fourth tiltimate spermatogonium preserves the rod, and this 
cell w ithout further dix ision enlarges and becomes a cell of Sertoli. 
In this cell of Sertoli a primarx* rodlet (r. i) btids olT from the rod; 
then the rod disappears, xvhile the primarx* rodlet dix idcs into 
txvo secondarx' rodlets {r. j) and the latter persist in the Sertoli cell 
ihroughotit it< hislurx*. 
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Tlie line of ilic Sertoli cell is therefore delerniined by the 
presence of the rod; one Sertoli cell is produced to e\ery three 
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ultimate spermatogonia that lack the rod, or one Sertoli cell 
to e\ ery twen ty-fn e spermatids. 

2. d'lii-: Antepenultimate Spermatogonia (Figs. i-8, Pl. I.). 

ddiese are the largest germ cells in the adult testis, and like 
the other generations of spermatogonia are situated at the pe- 
ripheryof the seminiferous tubules. Frerjuently their nuclei arc 
(){ irregular shape, as shown in Fig. i. Within the nuclei (Fig. 3) 
arc two kinds of nucleolar structures: acidophilic plasinosoines 
and basophilic bodies; it wr)uld take a detailed study to deter- 
miiK? whether the latter are chroniatoid nucleoli or niodilied 
clirnmoMunes (allosomes). In their cell bodies are found chro- 
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malic hkN, ncA cr more than one to a cell, warious forms of whicli 
are drawn in Figs. 2 8, that of Fig. 5 being the largest found, 
d'he rods are homogeneous in appearance, dense, and the\' stain 
with basic stains but ustialK' not as intensely as in the later 
sjjermatogonial generations. Such rods are usually in contact 
with the nuclear surface, but not alwa\s, and do not occupy 
constant positions with regard to the poles of the cell. Char¬ 
acteristic of the antepenultimate spermatogonia is the relatively 
small '-i/.e of the-e nxls aivl their fre(|ueiuly twisted form. 

rhirt\ of llu‘se cells were carefulK' examined, and twenty- 
three ol them showed eacdi one rod. ( )f the remaining se\ en, 
fj\e were not wholh* within the plain* of the section, so lhai iheir 
rods ma\' ha\e been pre'>(‘iu in the excised portions. It is prob¬ 
able that each coll of this generation comes to contain a rod. tind 
that the ro(U an fir-i i>roduced in this generation; no sj)ermato- 
gonia of (‘arlier generations were pr(‘-i*nl, however, consecjuenih’ 
there can be no surc iv of the latter point. 

What the method of origin of these rods ma\' be coultl not 
be (k‘l(*rmiiH‘d. 'riu‘\ are (juite distiina from the idio/ome, tit 
le.ist when fiillv lormed, tis shown in l ig. 2. In one c.ise I'ig. i) 
no rod Wtis found but an irreguKir grtUiular m,i''S ev) whi('h is 
possiiily .1 precursor of the rod; if this be so, tin* rod might be 
consideri'd to be produced b\ the conglomertition ol grtinules 
tU lirsi sc.uii‘riMi in llu* cell bod\‘. Hut the state* of fiXtition of 
the (W loplasin w,is not sulli(‘i(*nily reliable to »illow (►f any salis- 
facte)r\ determiiitUion <4 this matter. I'here is no evidence that 
tin* rods an* diree ily ])roduce(l from the luu'leiis. d'heir origin 
is thus unexpitiined, though their subve(|iieiu historv- is jierfectly 
cl(*ar. 

No mitosL's of these cells were fouinl, but tliere Ctin be no doubt 
that till* rods do not become divided for just half of the cells of 
the iu*\l generation contain rods. 

3. 'rill-: Ih-Nt LTIMATE Sl*K R.M A T()('.ON IA ( I'lC.s. i) lO). 

I'oriv'-nine cells of this generation were examined, care being 
taken to studv onlv’ those that lav' eniirelv' within the plane of 
the section, and of these twenty-four exhibited each a rod while 
twenlv-five showed no rods. Also six cases were found of two 
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niick-i in one cell body, indicating nuclear di\ ision without cyto- 
pluMiiic di\'ision of antepenultimate spermatogonia: in all six 
of these cases only one rod was present, and an example is shown 
in log. 9. There can thus be no cloubt that half the penultimate 
sj)ermatogonia contain rods and half do not. 

('haracteristic aj^pearanccs of the rods are illustrated in Figs. 
911, PI. I., 14 16, PI. II. They differ on the average from those 
of the preceding generation in being usually larger, siraighter, 
and more deeph’-staining with hajmatox>’line, which indicates 
they ha\'e been undergoing growth changes.^ Xot infrequenth’ 
they are cur\'ed around the nuclear surface (Fig. 14) and the 
length of a rod ma\' eciual the diameter of a nucleus. Conse- 
cjuently they are in this stage ver\^ prominent constituents of the 
cell bodies and easily differentiated by safranine or hdcma- 
tox\’line. 

Mitoses of these cells were not frecpient, but two clear cases 
(PI. IF, Figs. 12, 13) were found, showing that the rod (R.) 
passes undi\ ided into one of the daughter cells, and this is fully 
borne out l)y a study of their distribution in cells of the following 
generation. I'ig. 18 shows the end result of such a mitosis in a 
case where the cell l)ody had not di\hded and here there is but 
one rod. W hat is the nature of the scattered globules shown in 
Figs. 12 and 13 is doubtful; they may be discharged nucleolar 
material. 

4. Till': Ultimate Scermatogoxia (Figs. 17-24, Pl. IF). 

d'hese arc the smallest of the spermatogonia and tlu^ most 
numerous in the testis studied. One quarter of them contain 
each a rod; three ejuarters lack rods. One hundred and forty- 
two of these cells were studied, at stages before any of them had 
enlarged into Sertoli cells, the precaution being taken to include 
onl y cells h'ing wholly within the section; of these twenty-fi\'C 
showed each one rod, and one hundred and seventeen showed no 
njds. 'Fhis ratio is somewhat less than i : 3, which is readily 
explained on tlu' ground that some of the spermatogonia with 
rods had alreadx* become Sertoli cells and therefore were not 
iiK'liidc'd in the count. A \ er\' important and clear case is that 

' The condition ol' the pair of rotllcts (r. 2) in Eig. 10 will be explained later. 
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of Fig. 17; this shows four nuclei, the granddaughters of the 
nucleus of an antepenultimate spermatogonium, while there has- 
been no di\ision of the cell body, and it will he seen there is 
but one rod to the four nuclei. The evidence is then decisive 
that one quarter of the cells for this generation contain each 
one rcxl.^ In these cells the rods are on the average more massive 
than in preceding generations (Figs. 17 24), and while usually 
more or less cur\ ed are ne\ er twisted. Quite frequently one end 
of the rod is bent off at an angle (I'igs. 17. 22). In these cells 
als(; the rods are mo^t dense and acquire their maximum stain, 
staining fulb' as intenseb' as the basichromatin; they generally 
but not always touch the nuclear surface. 

5. Dll riJOCNTLMION' AM) IIlsTORV (H- TlllC SlCRTOLI C'eLLS 
iFk.s. 25-50). 

All the ultimate spermatogonia that cont<iin rods become cells 
of Sertoli, and those onl\'. .\otliing like either rods or rodlets 
were found in any of the spermal(K'\ies <>r si)ermalids. Fhe 
Sc-rloli cells bc*come especialK' marked by llu‘ir great growih. 
k'ig. 25, FI. 11 ., shows ihe beginning of such gn>wih, the Sertoli 
cell (J ) growing out bewond ils sistiT ulliinaie spiTinatogonia 
(/■I and C). higs. 54 and 55. FI. III., show* Sertoli cells in a laier 
growth stage in their eniirei\-, and I'igs. 5^-50, 41 4 t) exhibit 
portions of them in still later stages. riiese cells bec'ame rela- 
ti\*el\ enormous as shown in k'ig. 50, FI. \b, which rej)resents a 
portion of a transection of the wall of a seminiferous tubule; in 
this figure the shaded portion represents the bodies of the Sertoli 
cells, which ha\e grown far into the lumen of the tubule to 
embrace the spiTinatids. 1'his great growth is due mainh' to the 
formation of vacu(»hs within the cytoplasm, and in the figiire.s 
onl>' the larger of the \ acuoles are show n, not the great number 
of minute ones. 'These \acuoles are drops of a non-staining 
Iluid, like that contained within the cavity of the tubule; only in 
rare instances are any concretions found in the ^■acuolcs. One 
end, the basal, of each Sertoli cell remains adherent to the fibrous 
wall of the tubule and in the figures lines are drawn to denote 

^ Spcimatojionia with two. three or four nuclei in a single cell body arc unusually 
frequent and in such cases the sister nuclei arc frequently of quite unequal volumes. 
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the inntT border of the tubule; ihc other end, the distal, is the 
one that grows out and forms branches ramif\-ing around the 
^l)ernla^ocytes and s|)ermatids. In the later history of the 
Sertoli cells large spaces are found within them, as shown in 
Fig. 50, which are cavities in which germ cells had been situated 
before their transformation into spermatozoa. Boundaries I)e- 
tween the Sertoli cells become indistinguishable, so that these 
cells come to constitute a s\meytial cytoplasmic net of extremely 
\'acuolar structure (Fig. 50). In the basal portions of the Sertoli 
cells parallel bundles of fibrils ma\' be seen at certain stages 
(O's. 43 ). 

The nuclear changes are also characteristic, and represent a 
gradual transformation of the structure of the resting nucleus 
of an ultimate spermatogonium. The reticulum changes first 
into microsomal masses (Fig. 25, V\. IF). Then takes place a 
flowing of these masses together (Idgs. 34-39, 41-43, Bl. III., \\\) 
until all the basichromatic substance of the luicletis becomes 
concentrated into a mass or karyos[)here, and the ])articlcs re¬ 
maining without the mass are oxychromatic. Figs. 44 and 45, 
PI. \\, represent the result of this process. Then follow stages 
of (lissoltition of the karyosj)here into minute granules, all of 
which become gradually oxyphilic (Figs. 46 and 48), Fig, 49 
representing a degenerate nucleus at the close of the cell’s cycle. 
During all these stages the nuclei become \*ery irregular, with 
deep indentations and lobations at their margins and grooxes 
])assing along their lengths, ddns irregularity of form and the 
central karyosphere are diagnostics l)y which these nuclei may 
be readily distinguished from those of neighboring germ cells. 
I'urther, the nuclei do not remain at the basal end of the cell, 
as they do in certain other mammals, l)Ut move out beyond the 
le\ el of the spermatogonia (Idg. 50). 

After passing through the series of changes just described the 
Sert(di cells degenerate, for there is no evidence that they go 
through a second cycle. This is prox'en by the later stages of 
these mi('l(‘i (Figs. 47 49) which gradualK'become wholly achro¬ 
matic and then disafipear from x'iew. Their vacuolar substance 
must at that time mingle with the fluid of the tubule. Fig. 25 
(PI. ll.j is interesting in this regard, for it exhibits a xoung Sertoli 
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cell (A) pushing out before it an old and degenerate one {D). 

A Sertoli cell is therefore produced to e^'ery twenty-four sperma¬ 
tids, and after the latter have metamorpho'^ed into spermatozoa 
and these spermatozoa have become discharged from the tubules, 
that Sertoli cell degenerates. Formation of Sertoli cells must 
then continue through life as long as formation of germ cells 
continues. 

\W now pass to the history of the rod in the Sertoli cells, that 
remarkable body which differentiates them from the functional 
germ cells. This is at first a simple rod, and ma\' remain siu'h 
e\ en in the beginning enlargement of the cell {I'ig. 25, PI. II.). 
Hut this rod dixides, and in most ca>es before the Sertoli cell 
begins its growth. Stages of its di\'i>ion are rarely found, and 
the onh^ ones olineiwed are illustrated in I'igs. 26-VN Id. HI. 
It will be seen that in the case.s of I'igs. 26 2S the rod is under¬ 
going an unequal longiludinal cleat age, a more >lender and shorter 
rod abslri('ting from a porti(jn of the larger one; ihi-^ smaller rod 
may be called the primarx' rudka. IVrhajis oiu* re*i'-on w Iix' 
tlu‘se stages are so sx-ldom found is because this dixi>it)n can be 
seen clearlx' only xxhen the rod lies at a particular angle of vision. 
W hether I'ig. 30 reprc'sents simplx' an tiiuisiiallx’ bent rod, or one 
that is in process <;f dix ision, is hard to determine, for it xxas 
.in isol.ited case*, d'he condition immediatelx* following this dixi- 
sioii is shoxxii in I'ig. 31, x\ith .in umisuallx* long primary rodlet 
(r. 1) ('ompletelx ^ep.ir.ited from the rod iR.); this is a cell body 
of the xolume of that of an antepenultimate sperm.itogonium, 
x\ here ai cordinglx cx lopl.ismic dixi^ion h.id not occurred, and 
xvhere the original nucleus had dixided xxhile onlx' one of its 
d.iughtcM* nuclei had dixided again. A case of rod and primary 
rodlet together at an unusuallx' late stage is represented in Fig. 
41, PI. IV. 

In four fifths of the c.ises, in M out of luo cells examined, the 
large rod completelx’ disappears before tiu* Sertoli cell starts in 
its groxx th and in such cases onlx* the primarx' rodli't is to be 
seen (Figs. 32 33, PI. Ill.). Just so soon as the cell enlarges 
a p.iir of secondary rodlets are seen instead of the ])rimary 
rodlet (I'ig. 34), and xx ithout doubt these are j^roduced bx' ec|ual 
longitudinal cleax age of the jDriniarx' rotllet, for thex* arc alwax s of 
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the same Icngtli and lie close together. In their later stages 
(I'igs. 43, 46, 47) these secondary rodlets undergo some increase 
in thickening, and in all cases these rodlets persist witliin the 
Sertoli cell until the end of its c\ cle; they also probabh’ degenerate 
there, for no signs of them Mere found within the germ cells or 
free in the liuid of the seminiferous tubule. 

Hut in one fifth pf the cases, 19 out of 100 cells examined, 
the original rod continues \asil)le for a shorter or longer period 
after the secondar>’ rodlets ha\e been produced, as shown in 
Figs. 35-39, 42, 45; and in Fig, 41 is drawn an unusual case of 
late persistence of the rod and primary rodlet together. The 
rod may persist for a M'hile as a single dense body (Fig. 38). 
Fig. 39 shoMs a case of such a single rod that has segregated into 
chromatic and achromatic parts, a rare condition. Hut as a rule 
it divides longitudinally as exhibited in Figs. 35-37, 41, 42, 45; 
this division begins and is most jwominent near the middle region 
of the rod, m hen its ends may be still undivided, but cases M ere 
found M'here the rod had coinpleteh' di\'ided into tM’O secondary 
rods (Figs. 35, 40, Fig. 40 being a rod from a cell of about the 
stage of the cell shoM'u in hdg. 39). In the instances M’here the 
rod persists after the secondary rodlets ha^^e been produced, it 
never stains quite as deejdy as the latter, and gradually becomes 
less and less chromatic until it can no longer ])e seen; no rod 
M’as obser\'ed in any cell after the karyosi)Iiere of the nucleus had 
disintegrated. 

There is accordingly considerable indi\adual \’ariation in the 
behavior of the rod after it has abstricted the primary rodlet; 
in four fifths of the cells it then [Wom|)tly disa|)pears, in one fifth 
it persists for a variable period, but never until tlie end of the 
cycle of the Sertoli cell, and then undergoes a second longitudinal 
di\'isi()n M'hich is this time an ecpial di\'ision. ddie rod M'hen it 
persists generally remains in the basal portion of the cell body, 
'fhe secondary rodlets are at first usually in contact M’ith the 
surface of the nucleus, either basal or distal, M’hile the\' are later 
found near the distal jiole of the nucleus and usually separated 
from it. Wdiether the disai)pearing rod contributes sulistance 
to the formation of the fibers in the c\'toplasm (Fig. 43) could 
not be determined. It is also difllcult to decide M'hether the 
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rods and secondary rodicts are or are not ahva\'5 enclosed in 
\’acuolcs. 

Certain aberrant cases need mention. In a single instance a 
pair of secondary rodlets were found together with a rod in a 
f)enultimatc spermatogonium (Fig. lo), a precocious case of rodlet 
formation; what the constricted acidophilic body in the cyto¬ 
plasm of this cell ma\’ l)e, I do not know. Then in each of two 
cases of rather late Surtoli cells, instead of the general case of one 
pair of secondary rodlets, two pairs were found (I'igs. 44, 48); 
these might ha\e been produced fnjin an unu^ualK' long primary 
rodlet, such as the one sliown in I'ig. 31, b\’ the occurrence of a 
transverse a> well as a longitudinal divisi(jn. 

6. Discussion and C()N< i.usion. 

It is truh* surprising that no tliortnigh account has yet been 
gi\'en of the liuman ct‘IF of Sertoli; indeed, the studies made so 
far are rather histological than c\’t(d()gical. 

Attention to llu'se cells was first drawn b>- Sertoli ( i8()5), w’ho 
called them “cellule ramilicati.” Most writers since his time 
have given them his name; l)ut the term “follicle cell” (coined 
by X^ilette St. (ieorge) i^ fretiuently employed, as well as the 
term “foot cell” (J. 1 ^. S. Moore), while v. Fl)ner ( 71) emploved 
the name spermatoblast, and Hemki (’04; that of vagetative cell. 
'rh(‘ name follicle cell is geiieralh* used for the cells composing 
the spermalocysts of invertebrates and lower vertebrates, and 
that of Sertoli cell for the phv siologicallv’ corresj)f)ndent cells of 
mammaliam testes. 

As to the genetic relations of the Sertoli cells to the germ cells 
|)roper the writers fall into groui)s, which W’aldeyer (’06) has 
designated as the dualists and the monists. 'The first (jf these 
regard the two kinds of cells as of eiuirelv’ dilTerent origin, the 
spiTinatogonia proceeding from primordial germ cells and the 
cells of Sertoli from other elements. As dualists are to be classed 
W’aiase, Bardeleben, Benda, Waldeyer and Stephan. Watase 
{’()2) and Bardeleben ( 07) consider the Sertoli cells to be intersti¬ 
tial testis cells that have wandered into the .seminiferous tubules; 
but Bardeleben’s figures are quite indecisive, and Wata.se, in his 
very brief account of little ov er a page, drew his conclusions from 
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the similariu in color of ilic cells of Sertoli and the interstitial 
cells after stainini^ with c>'anine, chromotrop and crythrosine. 
Though Bardelehen thus holds the two kinds of cells to be of 
different origin, lie nevertheless thinks that the Sertoli cells give 
rise to “a rudimentary second form of spermatozomes.” Benda 
(’t)4, ’98), and \Valde>’er rehing upon him, considers the cell 
of Sertoli to arise from the indifferent cylindrical peritoneal cells. 
The dualists generalh' hold that a differentiated Sertoli cell re¬ 
mains functionally active during the life of the individual and 
does not regenerate more than tlie distal portion of its cell body; 
and they are also of the opinion that the cells of Sertoli proliferate 
themselves by division—amitotically, according to Bardeleben 
and Stephan, or mitotically according to Benda. On the other 
hand Brenant (’87), Schoenfeld (’01), Regaud (’99) and Bugnion 
(’06) consider both cells of Sertoli and spermatogonia to be de¬ 
rived from one kind of cells, by a process of division of labor; 
and this is in agreement with the results of most writers who 
have studied the origin of the follicular cells of the ovaries and 
testes of invertebrates^—the follicular or nurse cell being generally 
regarded as a modified germ cell. Vet Regaud and Stephan 
(’02) hold that tlie fully formed Sertoli cells proliferate germ 
cells as well as nourish them; while Bugnion believes “the 
primordial spermatogonium gives place to a plurinucleate plate 
fpart of the parietal s}Tictium) which contains in a common cyto¬ 
plasm spermatic nuclei and sertolian nuclei,” after which the 
germ cells delimit themselves from the syncytium that remains 
as a Sertoli cell. 

y\y conclusions differ practicalK' in their entirety from those 
of the writers mentioned. In the human testis the cells of Sertoli 
are of common origin with the germ cells, one out of e\'ery four 
ultimate spermatogonia becoming a Sertoli cell, Sertoli cells are 
thus not differentiated from the germ cells merely in early fo'tal 
history, but so long as ultimate spermatogonia continue to be 
l)roduced. A Sertoli cell of man once differentiated does not, 
so far as I have obser\'ed, di\’ide again, and consequently does 
not gi\(* rise germ cells; further, a Sertoli cell dies completely 
after the spermatozoa that are associated with it depart from 
its surface, and it does not persist to nourish a second generation of 
sjK'rmalozoa. 'There being one* Sertoli cell to e\'er\’ three defini- 
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tive ultimate spermatogonia tliere is necessarily one to every 
twenty-four spermatozoa; accordingly, in man the number of 
spermatozoa, spermatic bundle, associated with one Sertoli cell 
cannot be “8 or i6” as Bugnion states. 

But the point of the greatest interest with regard to the dif¬ 
ferentiation of the human Sertoli cell, is that it is determined by 
the inclusion of a peculiar cytoplasmic rod, this rorl first arising 
in the antepenultimate spermatogonia. Xo such “Sertoli cell 
determinant” has l)een made known in an\’ other object. In the 
case of the differeiuiation of the odgonia from the nurse cells in 
the o\'ar\* of the beetle DytiscKS, so well described b\’ Ciardina 
Coi), and corroborated b\' Oebaisieiix (’09), there is a remarkable 
mechanism of dilTeremiation of the nurse cells: here the cells that 
are to beconn* (Mic\le> recei\e a cast-olT reticular jtart of the 
nucleus, while the cells which lack this extruded mass become 
nurse cells. It will be .seen that this iv an entirel\*-dilTerent 
process from that described b\' m(‘ f(jr man, for in man the Sertoli 
cells are ilnjse that contain the differentiaiing bod\'. 

M'he devciopmem (»f the human Sertoli cell is clearh' a \'ery 
beautiful c.i^e of somatic dilTerentiation. In fact, one ma\’ re¬ 
gard the nuilli('ellular organism a.s having two periods of somatic 
(lilTerenliation: the lirstvvhen the tissue cells become dilTeren- 
tiati'd from the germ cells, and the second, when in the earlv' mass 
of germ cells, the primordial gt>nad, the Sertoli cells become dif¬ 
ferentiated from the germ celU pn^per. I'or the ScTtoli cells 
mav' properlv be classed as the soma of the ti*stis. 

.\f>ihing like* the rod that dilTerentiates the human Se-rtoli cells 
from the other ultimate spermatogemia >ee*ms to be known in an\' 
other case of somatic (lirU‘rentialion, In the classical case of 
.'Lva/r/s, eliscovered bv* Bove*ri, pro'Npective Ixjdv cells cast (^IT into 
the cvlopla''!!! the ends of their ('hromosomes. In copepods and 
insects, according to I lacker and Silvestri resi)ecti\’el v, a nucleolus 
or a mass of nucleolar substance thrown (jut from the germinal 
vesicle of the egg comes ultimately to lie in cells of the germinal 
cycle. M'hc origin of the rod of the human Sertoli cells 1 could 
not determine, be\*ond that it is first apparent in the cytoplasm 
of the antepenultimate spermatogonia, and that it probably 
forms there during the rest stage of the cells. It comes to 
develop in all antepenultimate spermatogonia, therefore, before 
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the distinction of Sertoli cells and germ cells; it I)ecoines trans¬ 
mitted without dix'ision to one (juarter of the ultimate vSpermato- 
gnnia, and that quarter transforms into Sertoli cells. Under 
these conditions, on account of the precision of the process, tliis 
rod must be regarded as a Sertoli determinant, and as a cyto¬ 
plasmic and not a nuclear determinant. Whether the rod, or its 
substance, emanated in the first place from the nucleus, can be 
determined only by some fortunate observer who has more and 
better fixed material than was in my hands, but there is no 
reason to regard it as mitochondrial, as a chondriosome, because 
granular mitochondria ha\ e been dcvscribed in mammalian Sertoli 
cells hy Benda and others; in my material no mitochondria were 
seen in tlie sj^ermatocytes and spermatids, they were e\adenth" 
dissoh ed b}’ the action of the fluid of Zenker, and it is therefore 
probalile they were dissoh ed also out of the spermatogonia. 

The rod that comes to determine the Sertoli cells increases in 
size while in the cytO])lasm, becoming most \’oluminous in the 
ultimate spermatogonia; outside of the nucleus, also, occurs its 
process of alistriction of the primary rodlet and the di\'ision of 
the latter int() the secondary rodlets. It is therefore clearly an 
extranuclear determinant of the Sertoli cell; and this as yet 
unique process of somatic differentiation seems to be controlled 
1)\’ an extranuclear body. 

It has not been my intention t(; decide upon the function of the 
Sertoli cells. The>' increase greatly in size to produce a syncytial 
nia.ss loaded with intracellular drojdets, prol)ably of fatty nature; 
the>^ en\'elo|:)e closely the rapidly growing sperniatocw tes and 
for this reason they are generally supposed, and probabh' cor- 
rectl>' so, to nourish this generation of germ cells, d'he Iluid 
within the seminiferous tubules contains, so far as I ha\'C ob- 
ser\x*d, neither eiwahrocytes nor leucocytes, therefore is probal)l\^ 
flerixed from the droj)lels of the Sertoli cells and not from the 
l)l()od serum, d'he sj^ermatids at the commencement of their 
histogenesis lose their first connection with the Sertoli cells, while 
tlic‘ nearl\- mature spermatozoa exhiliit tluar heads buried in the 
substaiK'c of thc‘ Sertoli cells; the latter is then a second orienta¬ 
tion of the germ cc‘lls to the Sertoli cells, one that cannot subser\*e 
nulrilion, for the developing s])ermatozoa ehj not increase in 
size, but whi('h is rathe*!', as Loisel ( 07) has shown, the expression 
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of some chemico-tactile response. It may then be the Sertoli 
cells fulfill three functions: to nourish the spermatocytes, to 
furnish the fluid within the seminiferous tubules, and to attract 
the spermatozoa into oriented bundles. 

It is certain that much more study is needed of the Sertoli cells, 
both from the standpoint of somatic ditTereiitiaiion as well as 
that of the physiology of the germ cells themselves, 
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EXPLANATION OF PLATES 1 -V 

All figures have been drawn b}’ the author with the camera lucida at the level 
of the base of the microscope, and reduced one third in size in reproduction. Fig. 50 
was drawn with Zeiss obj. C, ocular 12, all the others with the apochromatic im¬ 
mersion objective 1.5 mm., ocular 12. 

The following abbreviations have been employed: 

Id., idiozome. 

R. , rod. 

r. I, primary rod let. 
r. 2, secondary rodlets. 

S. C., Sertoli cells. 

Sp.G., ultimate spermatogonia. 

Plate I. 

Figs. 1-3. Entire antepenultimate spermatogonia. 

Figs. 4-8. Rods of antepenultimate spermatogonia. 

Fig. 9. A binuclcatc penultimate spermatogonium. 

Figs. 10, ii. Penultimate spermatogonia. 
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Plate II. 

Figs. 12, 13. Penultimate spermatogonia in clivis'on. 

Figs. 14-16. Rods of penultimate spermatogonia. 

Fig. 17. Quadrinucleate ultimate spermatogonium. 

Fig. 18. Binucleate ultimate spermatogonium. 

Figs. 19, 20'. Ultimate spermatogonia. 

Figs. 21-24. Rods of ultimate spermatogonia. 

Fig. 25. An incipient Sertoli eell (A) ne.\t to two ultimate spermatogonia 
' B, C), and to a degenerate Sertoli cell (D). The inner margin of the wall of the 
seminiferous tubule is at the left. 
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Plate III. 

Figs. 26-30. Primary rodlet abstricting from the rod, early Sertoli cells. 
Fig. 31. Trinucleate ultimate spermatogonium. 

Figs 32, 33. Early Sertoli cells with primary rod lets. 

Figs. 34-36. Secondary stages of Sertoli cells. 
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Plate IV. 

Succeeding stages of Sertoli cells arranged in the order of the nuclear changes 
Fig. 40 e.xhibits a dividing rod of a stage similar to tha of 41. 
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Plate V. 

Figs. 44 47. Later stages of Sertoli cells. I’igs, 44 and 47 being oblique trans- 
srctions. 

Figs. 48, 49. Degenerate nuclei of late Sertoli cells. 

Fi(.. 50. Portion of a section of a seminiferous tubule. Uppermost is the wall 
of the tubule, and next to it a layer of ultimate spermatogonia. The syncytium 
of the Sertoli cells is expressed by dark shading, and their nuclei are distinguishable 
by their angular form and central chromatic body. The other cells shown are 
chiefly early spermatids. 
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ox THE CAUSE OF AUTOTOMY IX TUBULARIA. 


OSCAR RIDDLE. 

In the course of studies on the oxidizing and reducing: powers 
of the wirious tissues and ])ody regions of h\'droinedus;e the 
phenonienon of autotoiny was obserxed to occur so generally 
and so rapidi\' in Tubularia as to iiuite attention to its cause. 
That Tubularia is capable of autotonu' /. c., of the self-di\ ision 
of its ])(jdy —has long been known, the ])rocess Iiaving been ob- 
ser\ed by Giard, l.oeb, Driesch, Morgan, and others. Two in¬ 
vestigators have definitely sought to determine the cause of the 
j)henomenon. 'The conclusions of these two workers seem, how¬ 
ever, not to be in accord. Ciodlewski^ maintains that degenera¬ 
tion of the Indranth precedes and conditions the autotomy, so 
tliat it is a degenerated hydranlli that is sexered from the body. 
Morse-—who seems imfortunaleK' to haw ox'erlooked Ciodlew- 
ski’s paper writing in this jtjiirnal states that autotomy may 
occur without an initial degeneration in the Indranth, if one 
can judge of this from histological examimition. 

My own experience with autotomi/ing Tubularia indicates that 
when this process is ciTected \er\ slowly anci gradually, as is 
ordinariK' the c<ise, one can certainK' sometimes find, as did 
(lodlewski, that before the actual sej)aration of the Indranth 
the latter h<is uiulergone considerable degeneration. On the 
other IkukI, 1 lia\c had main autotomi/ed hx'dranths to li\’c in 
apparentK' perfect conditicjii for tliree and f(jur days. Godlewski 
himst'lf notes one such Indranth which lived for two days. It 
is ((uite easy, too, to confirm Morse’s statement that a rise in 
temperature faxors the occurrence of autotomy. Xex'ertheless, 
the ])eculiar conditions under xvhich 1 x\as able to observe the 
autotomx' ('onxinced me that neither of the aboxe mentioned 
sup(K)sed causes, nor xet both combined, is the immediate or 

' C'.odlrwski, IC.. “/ur Kenntnis dor Rogulaliunsvurgaiige boi Ttihitluria tneson- 
bryatUlutnuftt." Roux's A rchiv, Yol. iS, IQOI. 

5 Murso, .Max, ** I lio -Xutolomy of the IfydraiUh of Tubularia." BiOLO<aCAL 
Bei I KTIN, \\»l. U). IQOO. 
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adeciiiate cause of aulolomy. I therefore gave a little special 
attention to this subject, the results of which may be summarized 
her(\ 

The particular experience which seemed to contravene the 
proposed causes as being the actual immediate cause was the 
following: If normal healthy individuals of T. mcsembryanthcmiim 
be held by the lower stem or stolon and drawn through any one 
of a \ ariet\* of solutions — sodium tellurite, sodium selenite, etc.— 
complete aulotomy may occur iu less than one minute! Clearly 
degeneration is not the cause of the autotomy in these cases. 
Other members of the colony taken from their moorings and 
placed in vessels sui)plied with fresh sea water remained for 
da\'s without autotomy. When some of these were similarly 
drawn through i)ure sea water they remained intact without 
autotomy. It was found, moreo\'er, that the autotom\’ likewise 
occurred even when the animal was dijoped into a solution of 
Xa2Te();i, XaSc();t, etc., of loveer temperature than that from 
which it had just been remo^’cd. Here, too, the autotomy was 
rapidh’ and decisi\*ely effected. In these cases the autotomy 
j)lainly could not ha\’e been caused by a rise in temi^eraturc; the 
temperature change actually being in the opposite direction. In 
manv cases the animals were removed from water at i6° C. 
and drawn through a solution at 13° C. 

In order to study the changes occurring in the rapidly air 
totomizing animals these were examined with a Zeiss binocular 
while being drawn through the solutions. By this means it was 
found: (1) that as soon as the animal touches the solution there 
follows a \'ery strong contraction of tentacles, hypostome, jieri- 
stome, etc.; (2) that the ''neck” region becomes extremely con¬ 
tracted and narrow, and apjLarenth’ so much weakened as to be 
unable longer to support the weight of the Inxiranth; or rather 
too weak to sustain the slight pull on the lu'dranth as it is being 
drawn through or lifted from the solution. 'The appearance here 
i> Mich as to indicate that the contraction of the circular fibers 
of this region is of suflicient force, not onl\' to close completely 
the ('entral channel, but also to separate and crowd out many 
entoderm c(‘lls, and likewise to wixiken their own adhesion and 
that of the other ectoderm cells to each other. A vigorous con- 
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tractioji in response to stimulation therefore seems to he the effective 
cause of autotomy, 

II has been possible in a few instances to ^et a l)eaiitifnl demon¬ 
stration of the strength of tlie contraction in the “neck” region. 
If a tubularian be found with the gastro-\'asciilar cavit>’ of the 
hydranth well expanded and full, it can sometimes be induced — 
by pricking the peristome lo contract the i 3 eristome first, and 
thus retain the w hole of the lluid of the cavity. In this condition 
the hydranth s(miewhat resembles a rubber ball: the channel to 
the outside being clo^^ed b\' ilte contracted peristome, and the 
posterior continuation with the ca\ it\' of the stem or bod\' being 
intcrrtipted by the above-mentioned coniraetion of the “neck” 
region. If now, with an appropriate blunt instrument, pressure 
be brotight to b(‘ar upon this sphere, and the whole proceeding 
carried out tinder the binocular, one can watch c‘\er\ thing and 
gauge with oiu*‘s own muscle- the strength of tlie contrac*tion 
in the pcaistome and “neck.” In the in'^tances where 1 have 
carried out this experinuait / have nreer been able to force the 
openi}iii ^\f the channel in the neik re\^ion. Some part of the 
hy|)osiome wall is (he first lo bri‘ak. 

ll is, loo. ihi-' very strong ('oniraciion that ('arries the ecenosarc 
of lli(* }ie(k ret^ion (juile awav' from the peiisarc (see I'ig. o). 
brobablv' the reasdu that the point of the aiilolomv is alwav's 
so di‘lmiu*l\' localized in this “neck” n*gion as vvas first re('og- 
nized by ('liard' i‘^ ihat llu* remaindiT of the sleiuKr j)orlion of 
the animal is covered with a chilinous piTisarc which is rather 
imperim'able and highiv protecliva* against stimuli. 

In “normal” cases thosi- in whic'h tlie process of autoiomy 
is extended ov er .i period ol sev iTal hours or a dav* or two it 
is well known that a v erv complete hislolv sis of the cells in the 
“ n(‘ck ” region (xanirs. 'There is good ev idence how ev er that 
in these* cases, loo, the histolysis is prece-ded bv* a rallu*r strong 
or bv a j)rolonged contraction of this region. In verv* weak solu¬ 
tions of tt‘llnrinni and selenium salts, of acids and alkalis, and 
even bv' watchful mechanical stimulation of the animal into 
conlinuonslv' contracted state. I have been able to effect the 

* U.iard. .\.. ** l/Aulotoinic <lans la anhnale.’’ Revue scienlifique, p. 629. 
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autotonu of health) hydranths more gradually in periods ex¬ 
tended to one to four hours, and to watch the course of the 
process in a single indi\idual during this time. From these 
observations I may here record one or two points which seem to 
throw some light on tlie reason for the histolysis just mentioned. 

I cite the case of a tubularian which was kc])t mechanically 
stimulated b\- touching or jjricking the In clranth with a dissecting 
needle and in which the {process of autotom\’ had advanced at 
such a rate as readily to separate at the end of four hours when 
lifted from the sea-water. With the beginning of contraction 
in this animal the circulatory current in the “neck” region was 
stopped; indeed the circulatory-nutritive Huids were ([uite ex¬ 
pelled and excluded from approximately two millimeters of this 
region; the entodermic walls of the tube here being completely 
and tightly apposed. The closure at this point also largeK’ 
stO])]Ded for a time the circulation through the stem. The fluids, 
however, were as before in contact with the walls of the gastro- 
\ ascular ca\ ity everywhere except in the much contracted neck 
region. That is to say, in the contracted animal the normal 
nutritive fluids were in contact with all the structures with which 
they arc normally in contact except at one point—the “neck” 
region; it is alivays at this latter point that histolysis and antotomy 
later occur. 

In a little less than an hour it was found that the dissepi¬ 
ment which divides the gastro-vascular cavity of the stem into 
two channels—one for the anterior, the other for the posterior 
flow of the circulatory fluids -had been broken at a point a little 
below the contracted “neck,” and that the usual circulation of 
fluids was again established within the stem. Soon however 
there accumulated at the point immediately below the neck a 
quaiuilN’ of the red pigment and other debris from the circulation; 
thus the channel became so firmly plugged that e\'en a relaxa¬ 
tion ()[ the C(nUracted neck region could not now’effect a reestab¬ 
lishment of circulation in this “neck” region. 

It is my o])inion, furthermore, that the reestablishment of this 
cinailation alter a few’ hours of contraction might be |)re\’ented 
or at least greatly hindered b\’ another circumstance if for 
an\’ (ause the dfbris just mcMitioiUHl shotild fail to collect and 
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act as an effective block. I refer to the accumulation of a 
gelatinous mass between the perisarc and coenosarc which begins 
to be secreted by the cauiosarc soon after it pulls away from its 
contact with the perisarc. The secretion is perhaps of the nature 



Representing tlie con<Iition loading to aututomy in a tubularian. Such con¬ 
ditions are present in Tubuhiria which have been kept <timiilatcd from one to 
>everal hours. IIyd hydranth; -break in diNsopiment; C.C. — co.nosarc 

or body wall; D. -dchri< left by circulating current; G. ^gelatinous mass secreted 
by contracted Cionosarc; U.C. =gastrova<cular cavity of body; P.-perisarc; 
“trongly contracted area—"neck." 


of material for a new perisarc, and as noted b\' Godlewski it 
hardens on contact with water. The accumulation and hardening 
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of this mass would probal)Iy make a reopening of the closed 
channel \’er\' difficult or (juitc impossible. 

We see then that the contraction of the contractile parts of 
Tuhiilaria acts differentialK' upon its various organs. Such con¬ 
traction does not rob the liydranth of its contained lluids, nor 
of its ability to circulate these lluids. The same is true for the 
stem region, except that there the actual mox ementof the fluids is 
in abcA'ance for a very short time. The contraction which occurs 
in the neck region, however, brings aliotit far different relations 
between the contracting area and the nutritive medium. Here 
there results, not only a cessation of the circulation of lluids, but 
a complete loss of contact ith these lluids following the complete 
closure of the channel; whilst finally the breaking of the dissepi¬ 
ment immediately below the neck region, and the subsequent 
plugging of the end of the connecting channel with pigment and 
debris, preclude the i)ossibility that such contracted region ma\' 
again regain its circulation together with the food it brings. This 
area then necessarily disintegrates; and the break—the autot- 
omy— necessarily occurs at this the weakest point. 

Our conclusion is that autotomy in Tuhiilaria is the result of 
the contraction of the animal; similar but weaker contractions 
being common and central features in the behavior of the animal. 
If the contraction l)e either too strong, or too much prolonged, 
autotomy will follow. That is to say, if a very slight strain be 
put upon the “neck” region while its circular fibers arc in a slate 
of extreme contraction separation results at once. If the con¬ 
traction be not so strong, but considerably prolonged, readjust¬ 
ments are effected in the circulation which prevent the ingress of 
food to the contracted “neck” region. Degeneration now occurs 
in this region and the break the autotomy^ follows at this same 
point. Hierc is, then, no great mystery attached to “ram|)uta- 
tion spontanee”; not e\'en a complex organic correlation t(^direct 
a watchful and sacrificial neck in se\’ering an offending head 
from an unoffending body. 

d'hc* ])rcsent work has been done at the Zoological Station at 
Naples while* occiii))’ing a table supplied by the ('arnegie Institu¬ 
tion (4 W'ashington. 'Fo the ]:)resident of the ('arnegie Institu- 
ti(jn, and to the director and assistants of the Zo()logical Station, 
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I am much indebted. My best thanks are due to Professor 
Paul ^Slayer, of the Zoological Station, for special apparatus and 
for very many kindnesses. For other support of this work I am 
further indebted to the Laboratory of Experimental Therapeutics, 
The L'niversity of Chicago. 

Xaples, 

March, igir. 
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